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ANTI SENSE MODULATION OF MDM2 EXPRESSION 

This application is a continuation-in-part of U.S. 
Patent Application Serial No. 09/752,983, filed January 2, 
2001, which is a continuation of U.S. Patent Application 
Serial No. 09/280,805, filed March 26, 1999, now issued as 
U.S. Patent 6,184,212, which is a continuation in part of 
U.S. Patent Application Serial No. 09/048,810 filed March 
26, 1998, now issued as U.S. Patent 6,238,921. 

FIELD OF THE INVENTION 

This invention relates to compositions and methods 
for modulating expression of the mdm2 gene, a naturally 
present cellular gene implicated in abnormal cell 
proliferation and tumor formation. This invention is also 
directed to methods for inhibiting hyperprolif eration of 
cells; these methods can be used diagnostically or 
therapeutically. Furthermore, this invention is directed 
to treatment of conditions associated with expression of 
the mdm2 gene. This invention is also directed to novel 
oligonucleotide compounds useful in antisense, or as 
ribozymes or aptamers . 

BACKGROUND OF THE INVENTION 

Inactivation of tumor suppressor genes leads to 
unregulated cell proliferation and is a cause of 
tumorigenesis. In many tumors, the tumor suppressors, p53 
or Rb (retinoblastoma) are inactivated. This can occur 
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either by mutations within these genes, or by 
overexpression of the mdm2 gene. The mdm2 protein 
physically associates with both p53 and Rb, inhibiting 
their function. The levels of mdm2 are maintained through 
5 a feedback loop mechanism with p53 . Overexpression of mdm2 
effectively inactivates p53 and promotes cell 
proliferation . 

The role of p53 in apoptosis and tumorigenesis is 
well-known in the art (see, in general, Canman, C.E. and 

10 Kastan, M.B., Adv. Pharmacol., 1997, 41, 429-460). Mdm2 

has been shown to regulate p53's apoptotic functions (Chen, 
J., et al., Mol. Cell Biol., 1996, 16, 2445-2452; Haupt, 
Y., et al., EMBO J., 1996, 15, 1596-1606). Overexpression 
of mdm2 protects tumor cells from p53 -mediated apoptosis. 

15 Thus, mdm2 is an attractive target for cancers associated 
with altered p53 expression. 

Amplification of the mdm2 gene is found in many human 
cancers, including soft tissue sarcomas, astrocytomas, 
glioblastomas, breast cancers and non-small cell lung 

2 0 carcinomas. In many blood cancers, overexpression of mdm2 
can occur with a normal copy number. This has been 
attributed to enhanced translation of mdm2 mRNA, which is 
thought to be related to a distinct 5 ' -untranslated region 
(5 1 -UTR) which causes the transcript to be translated more 

25 efficiently than the normal mdm2 transcript. Landers et 
al . , Cancer Res. 57, 3562, (1997). 

Several approaches have been used to disrupt the 
interaction between p53 and mdm2 . Small peptide 
inhibitors, screened from a phage display library, have 
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been shown in ELISA assays to disrupt this interaction 
[Bottger et al . , J. Mol . Biol., 269, 744 (1997)]. 
Microinjection of an anti-mdm2 antibody targeted to the 
p53 -binding domain of Tndm2 increased p53 -dependent 
5 transcription [Blaydes et al . , Oncogene, 14, 1859 (1997)]. 

A vector-based antisense approach has been used to 
study the function of mdm2 . Using a rhabdomyosarcoma 
model, Fiddler et al . [Mol. Cell Biol., 16, 5048 (1996)] 
demonstrated that amplified mdm2 inhibits the ability of 

10 MyoD to function as a transcription factor. Furthermore, 
expression of full-length antisense mdm2 from a 
cytomegalovirus promoter-containing vector restores muscle- 
specific gene expression. 

Antisense oligonucleotides have also been useful in 

15 understanding the role of mdm2 in regulation of p53 . An 

antisense oligonucleotide directed to the mdm2 start codon 
allowed cisplatin-induced p53-mediated apoptosis to occur 
in a cell line overexpressing mdm2 [Kondo et al . , Oncogene, 
10, 2001 (1995)]. The same oligonucleotide was found to 

2 0 inhibit the expression of P-glycoprotein [Kondo et al . , Br. 
J. Cancer, 74, 1263 (1996)]. P-glycoprotein was shown to 
be induced by mdm2 . Teoh et al [Blood, 90, 1982 (1997)] 
demonstrated that treatment with an identical mdm2 
antisense oligonucleotide or a shorter version within the 

25 same region in a tumor cell line decreased DNA synthesis 
and cell viability and triggered apoptosis. 

Chen et al . [Proc. Natl. Acad. Sci. USA, 95, 195 
(1998) ; WO 99/10486] disclose antisense oligonucleotides 
targeted to the coding region of mdm2 . A reduction in mdm2 
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RNA and protein levels was seen, and transcriptional 
activity from a p53 -responsive promoter was increased after 
oligonucleotide treatment of JAR (choriocarcinoma) or SJSA 
(osteosarcoma) cells. 
5 WO 93/20238 and WO 97/09343 disclose, in general, the 

use of antisense constructs, antisense oligonucleotides, 
ribozymes and triplex- forming oligonucleotides to detect or 
to inhibit expression of mdm2 . EP 635068B1, issued Nov. 5, 
1997, describes methods of treating in vitro neoplastic 

10 cells with an inhibitor of mdm2, and inhibitory compounds, 
including antisense oligonucleotides and triple-strand 
forming oligonucleotides. 

There remains a long- felt need for improved 
compositions and methods for inhibiting mdm2 gene 

15 expression. 

SUMMARY OF THE INVENTION 

The present invention provides oligonucleotide 
compounds, preferably antisense oligonucleotides, according 

2 0 to a graphical representation of a single nucleotide member 
thereof depicted as compound I which is further bound to 
any one of compounds II, III or IV. These oligonucleotides 
are preferably targeted to nucleic acids encoding mdm2 and 
are capable of modulating, and preferably, inhibiting mdm2 

25 expression. Similarly modified oligonucleotides of the 

invention may also be designed which are targeted to other 
nucleic acid targets. 
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Compound I is further defined where q and j are 
covalent nucleoside linkers of between 1-5 atoms including 
carbon, nitrogen, phosphorus, sulfur and oxygen which may 
themselves be substituted with additional atoms not counted 
5 among the stated 1-5 atoms. The present invention also 
provides chimeric compounds, preferably (but not only) 
targeted to nucleic acids encoding mdm2 . The chimeric 
compounds according to the present invention comprise at 
least one modified nucleotide according to compound I, as 
10 covalent ly bound to any of compounds II, III or IV. 




I 
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R 15 

IV 

The oligonucleotide compounds of the invention are 
believed to be useful both diagnost ically and 
therapeutically, and are believed to be particularly useful 
in the methods of the present invention. 

The present invention also comprises methods of 
inhibiting the expression of mdm2 , particularly the 
increased expression resulting from amplification of mdm2 . 
These methods are believed to be useful both 
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therapeutically and diagnostically as a consequence of the 
association between mdm2 expression and hyperprolif eration. 
These methods are also useful as tools, for example, for 
detecting and determining the role of mdm2 expression in 
5 various cell functions and physiological processes and 

conditions and for diagnosing conditions associated with 
mdm2 expression. 

The present invention also comprises methods of 
inhibiting hyperprolif eration of cells using compounds of 

10 the invention. These methods are believed to be useful, 
for example, in diagnosing mdm2 -associated cell 
hyperprolif eration. Methods of treating abnormal 
proliferative conditions associated with mdm2 are also 
provided. These methods employ the antisense compounds of 

15 the invention. These methods are believed to be useful 
both therapeutically and as clinical research and 
diagnostic tools. 

DETAILED DESCRIPTION OF THE INVENTION 

2 0 Tumors often result from genetic changes in cellular 

regulatory genes. Among the most important of these are 
the tumor suppressor genes, of which p53 is the most widely 
studied. Approximately half of all human tumors have a 
mutation in the p53 gene. This mutation disrupts the 

25 ability of the p53 protein to bind to DNA and act as a 

transcription factor. Hyperprolif eration of cells occurs 
as a result. Another mechanism by which p53 can be 
inactivated is through overexpression of mdm2 , which 
regulates p53 activity in a feedback loop. The mdm2 
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protein binds to p53 in its DNA binding region, preventing 
its activity. Mdm2 is amplified in some human tumors, and 
this amplification is diagnostic of neoplasia or the 
potential therefor. Over one third of human sarcomas have 
5 elevated mdm2 sequences. Elevated expression may also be 
involved in other tumors including but not limited to those 
in which p53 inactivation has been implicated. These 
include colorectal carcinoma, lung cancer and chronic 
myelogenous leukemia. 

10 Many abnormal proliferative conditions, particularly 

hyperprol iterative conditions, are believed to be 
associated with increased mdm2 expression and are, 
therefore believed to be responsive to inhibition of mdm2 
expression. Examples of these hyperprol iterative 

15 conditions are cancers, psoriasis, blood vessel stenosis 

(e.g., restenosis or atherosclerosis), and fibrosis, e.g., 
of the lung or kidney. Increased levels of wild- type or 
mutated p53 have been found in some cancers (Nagashima, G., 
et al . , Acta Neurochir. (Wein) , 1999, 141, 53-61; Fiedler, 

2 0 A., et al., Langenbecks Arch. Surg., 1998, 383, 269-275). 

Increased levels of p53 is also associated with resistance 
of a cancer to a chemotherapeutic drug (Brown, R . , et al . , 
Int. J. Cancer, 1993, 55, 678-684). These diseases or 
conditions may be amenable to treatment by induction of 

2 5 mdm2 expression. 

The present invention employs antisense compounds, 
particularly oligonucleotides, for use in modulating the 
function of nucleic acid molecules encoding mdm2, 
ultimately modulating the amount of mdm2 produced. This is 
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accomplished by providing oligonucleotides which 
specifically hybridize with nucleic acids, preferably mRNA, 
encoding mdm2 . 

This relationship between an antisense compound such 
5 as an oligonucleotide and its complementary nucleic acid 
target, to which it hybridizes, is commonly referred to as 
"antisense". "Targeting" an oligonucleotide to a chosen 
nucleic acid target, in the context of this invention, is a 
multistep process. The process usually begins with 

10 identifying a nucleic acid sequence whose function is to be 
modulated. This may be, as examples, a cellular gene (or 
mRNA made from the gene) whose expression is associated 
with a particular disease state, or a foreign nucleic acid 
from an infectious agent. In the present invention, the 

15 target is a nucleic acid encoding mdm2 ; in other words, a 
mdm2 gene or RNA expressed from a mdm2 gene. mdm2 mRNA is 
presently the preferred target. The targeting process also 
includes determination of a site or sites within the 
nucleic acid sequence for the antisense interaction to 

20 occur such that modulation of gene expression will result. 
In accordance with this invention, persons of 
ordinary skill in the art will understand that messenger 
RNA includes not only the information to encode a protein 
using the three letter genetic code, but also associated 

2 5 ribonucleotides which form a region known to such persons 
as the 5 ' -untranslated region, the 3 ' -untranslated region, 
the 5' cap region and intron/exon junction ribonucleotides. 
Thus, oligonucleotides may be formulated in accordance with 
this invention which are targeted wholly or in part to 
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these associated ribonucleotides as well as to the 
informational ribonucleotides. The oligonucleotide may 
therefore be specifically hybridizable with a transcription 
initiation site region, a translation initiation codon 
region, a 5' cap region, an intron/exon junction, coding 
sequences, a translation termination codon region or 
sequences in the 5'- or 3 ' -untranslated region. Since, as 
is known in the art, the translation initiation codon is 
typically 5 1 -AUG (in transcribed mRNA molecules; 5 ' -ATG in 
the corresponding DNA molecule) , the translation initiation 
codon is also referred to as the "AUG codon, " the "start 
codon" or the "AUG start codon." A minority of genes have 
a translation initiation codon having the RNA sequence 5 1 - 
GUG, 5'-UUG or 5 ' -CUG, and 5 1 -AUA, 5 1 -ACG and 5 1 -CUG have 
been shown to function in vivo. Thus, the terms 
"translation initiation codon" and "start codon" can 
encompass many codon sequences, even though the initiator 
amino acid in each instance is typically methionine (in 
eukaryotes) or formylmethionine (prokaryotes) . It is also 
known in the art that eukaryotic and prokaryotic genes may 
have two or more alternative start codons, any one of which 
may be preferentially utilized for translation initiation 
in a particular cell type or tissue, or under a particular 
set of conditions. In the context of the invention, "start 
codon" and "translation initiation codon" refer to the 
codon or codons that are used in vivo to initiate 
translation of an mRNA molecule transcribed from a gene 
encoding mdm2 , regardless of the sequence (s) of such 
codons. It is also known in the art that a translation 
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termination codon (or "stop codon") of a gene may have one 
of three sequences, i.e., 5 ' -UAA, 5 ' -UAG and 5 ' -UGA (the 
corresponding DNA sequences are 5 ' -TAA, 5 ' -TAG and 5 1 -TGA, 
respectively) . The terms "start codon region" and 
5 "translation initiation codon region" refer to a portion of 
such an mRNA or gene that encompasses from about 2 5 to 
about 50 contiguous nucleotides in either direction (i.e., 
5' or 3 1 ) from a translation initiation codon. This region 
is a preferred target region. Similarly, the terms "stop 

10 codon region" and "translation termination codon region" 

refer to a portion of such an mRNA or gene that encompasses 
from about 25 to about 50 contiguous nucleotides in either 
direction (i.e., 5' or 3 ' ) from a translation termination 
codon. This region is a preferred target region. The open 

15 reading frame (ORF) or "coding region, " which is known in 
the art to refer to the region between the translation 
initiation codon and the translation termination codon, is 
also a region which may be targeted effectively. Other 
preferred target regions include the 5 1 untranslated region 

20 (5'UTR), known in the art to refer to the portion of an 
mRNA in the 5 ' direction from the translation initiation 
codon, and thus including nucleotides between the 5 1 cap 
site and the translation initiation codon of an mRNA or 
corresponding nucleotides on the gene) and the 3' 

25 untranslated region (3'UTR), known in the art to refer to 
the portion of an mRNA in the 3 1 direction from the 
translation termination codon, and thus including 
nucleotides between the translation termination codon and 
3 ' end of an mRNA or corresponding nucleotides on the 
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gene) . mdm2 is believed to have alternative transcripts 
which differ in their 5 ' -UTR regions. The S-mdm2 
transcript class is translated approximately 8 -fold more 
efficiently than the L-mdm2 transcripts produced by the 
5 constitutive promoter. Landers et al., Cancer Res., 57, 
3562 (1997). Accordingly, both the 5 * -UTR of the S-mdm 
transcript and the 5 ' -UTR of the L-mdm2 transcript are 
preferred target regions, with the S-mdm2 5 ' -UTR being more 
preferred. mRNA splice sites may also be preferred target 

10 regions, and are particularly useful in situations where 
aberrant splicing is implicated in disease, or where an 
overproduction of a particular mRNA splice product is 
implicated in disease. Aberrant fusion junctions due to 
rearrangements or deletions may also be preferred targets. 

15 Once the target site or sites have been identified, 

oligonucleotides are chosen which are sufficiently 
complementary to the target, i.e., hybridize sufficiently 
well and with sufficient specificity, to give the desired 
modulation. 

20 "Hybridization", in the context of this invention, 

means hydrogen bonding, also known as Watson- Crick base 
pairing, between complementary bases, usually on opposite 
nucleic acid strands or two regions of a nucleic acid 
strand. Guanine and cytosine are examples of complementary 

2 5 bases which are known to form three hydrogen bonds between 
them. Adenine and thymine are examples of complementary 
bases which form two hydrogen bonds between them. 

"Specifically hybridizable " and "complementary" are 
terms which are used to indicate a sufficient degree of 
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complementarity such that stable and specific binding 
occurs between the DNA or RNA target and the 
oligonucleotide . 

It is understood that an oligonucleotide need not be 
100% complementary to its target nucleic acid sequence to 
be specifically hybridizable . An oligonucleotide is 
specifically hybridizable when binding of the 
oligonucleotide to the target interferes with the normal 
function of the target molecule to cause a loss of utility, 
and there is a sufficient degree of complementarity to 
avoid non-specific binding of the oligonucleotide to non- 
target sequences under conditions in which specific binding 
is desired, i.e., under physiological conditions in the 
case of in vivo assays or therapeutic treatment and, in the 
case of in vitro assays, under conditions in which the 
assays are conducted. 

Hybridization of antisense oligonucleotides with mRNA 
interferes with one or more of the normal functions of 
mRNA. The functions of mRNA to be interfered with include 
all vital functions such as, for example, translocation of 
the RNA to the site of protein translation, translation of 
protein from the RNA, splicing of the RNA to yield one or 
more mRNA species, and catalytic activity which may be 
engaged in by the RNA. 

The overall effect of interference with mRNA function 
is modulation of mdm2 expression. In the context of this 
invention "modulation" means either inhibition or 
stimulation; i.e., either a decrease or increase in 
expression. This modulation can be measured in ways which 
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are routine in the art, for example by Northern blot assay 
of mRNA expression as taught in the examples of the instant 
application or by Western blot or EL ISA assay of protein 
expression, or by an immunoprecipitation assay of protein 
expression, as taught in the examples of the instant 
application. Effects on cell proliferation or tumor cell 
growth can also be measured, as taught in the examples of 
the instant application. 

The antisense compounds of this invention can be used 
in diagnostics, therapeutics, prophylaxis, and as research 
reagents and in kits. Since these compounds hybridize to 
nucleic acids encoding mdm2 , sandwich, colorimetric and 
other assays can easily be constructed to exploit this 
fact. Furthermore, since the antisense compounds of this 
invention hybridize specifically to nucleic acids encoding 
particular isozymes of mdm2 , such assays can be devised for 
screening of cells and tissues for particular mdm2 
isozymes. Such assays can be utilized for diagnosis of 
diseases associated with various mdm2 forms. Provision of 
means for detecting hybridization of oligonucleotide with a 
mdm2 gene or mRNA can routinely be accomplished. Such 
provision may include enzyme conjugation, radiolabelling or 
any other suitable detection systems. Kits for detecting 
the presence or absence of mdm2 may also be prepared. 

The present invention is also suitable for diagnosing 
abnormal proliferative states in tissue or other samples 
from patients suspected of having a hyperprolif erative 
disease such as cancer or psoriasis. The ability of the 
oligonucleotides of the present invention to inhibit cell 
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proliferation may be employed to diagnose such states. A 
number of assays may be formulated employing the present 
invention, which assays will commonly comprise contacting a 
tissue sample with an antisense compound of the invention 
under conditions selected to permit detection and, usually, 
quantitation of such inhibition. In the context of this 
invention, to "contact" tissues or cells with an antisense 
compound means to add the compound (s), usually in a liquid 
carrier, to a cell suspension or tissue sample, either in 
vitro or ex vivo, or to administer the antisense 
compound (s) to cells or tissues within an animal. 
Similarly, the present invention can be used to distinguish 
mdm2 -associated tumors, particularly tumors associated with 
mdm2a, from tumors having other etiologies, in order that 
an efficacious treatment regime can be designed. 

The antisense compounds of this invention may also be 
used for research purposes. Thus, the specific 
hybridization exhibited by oligonucleotides may be used for 
assays, purifications, cellular product preparations and in 
other methodologies which may be appreciated by persons of 
ordinary skill in the art. 

In the context of this invention, the term 
"oligonucleotide" refers to an oligomer or polymer of 
ribonucleic acid or deoxyribonucleic acid. This term 
includes oligonucleotides composed of naturally-occurring 
nucleobases, sugars and covalent intersugar (backbone) 
linkages as well as oligonucleotides having non-naturally- 
occurring portions which function similarly. Such modified 
or substituted oligonucleotides are often preferred over 
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native forms because of desirable properties such as, for 
example, enhanced cellular uptake, enhanced binding to 
target and increased stability in the presence of 
nucleases . 

The ant i sense compounds in accordance with this 
invention preferably comprise from about 5 to about 50 
nucleobases. Particularly preferred are antisense 
oligonucleotides comprising from about 8 to about 30 linked 
nucleobases (i.e. from about 8 to about 30 nucleosides). 
As is known in the art, a nucleoside is a base-sugar 
combination. The base portion of the nucleoside is 
normally a heterocyclic base. The two most common classes 
of such heterocyclic bases are the purines and the 
pyrimidines. Nucleotides are nucleosides that further 
include a phosphate group covalently linked to the sugar 
portion of the nucleoside. For those nucleosides that 
include a pent of uranosyl sugar, the phosphate group can be 
linked to either the 2', 3' or 5 ' hydroxyl moiety of the 
sugar. In forming oligonucleotides, the phosphate groups 
covalently link adjacent nucleosides to one another to form 
a linear polymeric compound. In turn, the respective ends 
of this linear polymeric structure can be further joined to 
form a circular structure, however, open linear structures 
are generally preferred. Within the oligonucleotide 
structure, the phosphate groups are commonly referred to as 
forming the internucleoside backbone of the 

oligonucleotide. The normal linkage or backbone of RNA and 
DNA is a 3 1 to 5 1 phosphodies t er linkage. 
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Specific examples of preferred antisense compounds 
useful in this invention include oligonucleotides 
containing modified backbones or non-natural 
internucleoside linkages. As defined in this 
specification, oligonucleotides having modified backbones 
include those that retain a phosphorus atom in the backbone 
and those that do not have a phosphorus atom in the 
backbone. For the purposes of this specification, and as 
sometimes referenced in the art, modified oligonucleotides 
that do not have a phosphorus atom in their internucleoside 
backbone can also be considered to be oligonucleosides . 

Preferred modified oligonucleotide backbones include, 
for example, phosphorothioates , chiral phosphorothioates , 
phosphorodithioates, phosphotriesters, aminoalkyl- 
phosphotriesters, methyl and other alkyl phosphonates 
including 3'-alkylene phosphonates, 5'-alkylene 
phosphonates and chiral phosphonates, phosphinates , 
phosphoramidates including 3 '-amino phosphoramidate and 
aminoalkylphosphoramidates, thionophosphoramidates , thiono- 
alkylphosphonates , thionoalkylphosphotriesters , 
selenophosphates and boranophosphates having normal 3' -5' 
linkages, 2' -5' linked analogs of these, and those having 
inverted polarity wherein one or more internucleotide 
linkages is a 3 ' to 3 ' , 5' to 5 ' or 2 ' to 2 ' linkage. 
Preferred oligonucleotides having inverted polarity 
comprise a single 3' to 3' linkage at the 3 ' -most 
internucleotide linkage i.e. a single inverted nucleoside 
residue which may be abasic (the nucleobase is missing or 



ISPH-0622 



-19- 



PATENT 



has a hydroxy 1 group in place thereof) . Various salts, 
mixed salts and free acid forms are also included. 

Representative United States patents that teach the 
preparation of the above phosphorus -containing linkages 
include, but are not limited to, U.S.: 3,687,808; 
4,469,863; 4,476,301; 5,023,243; 5,177,196; 5,188,897; 
5,264,423; 5,276,019; 5,278,302; 5,286,717; 5,321,131; 
5,399,676; 5,405,939; 5,453,496; 5,455,233; 5,466,677; 
5,476,925; 5,519,126; 5,536,821; 5,541,306; 5,550,111; 
5,563,253; 5,571,799; 5,587,361; 5,194,599; 5,565,555; 
5,527,899; 5,721,218; 5,672,697 and 5,625,050, certain of 
which are commonly owned with this application, and each of 
which is herein incorporated by reference. 

Preferred modified oligonucleotide backbones that do 
not include a phosphorus atom therein have backbones that 
are formed by short chain alkyl or cycloalkyl 
internucleoside linkages, mixed heteroatom and alkyl or 
cycloalkyl internucleoside linkages, or one or more short 
chain heteroatomic or heterocyclic internucleoside 
linkages. These include those having morpholino linkages 
(formed in part from the sugar portion of a nucleoside) ; 
siloxane backbones; sulfide, sulfoxide and sulfone 
backbones; formacetyl and thiof ormacetyl backbones, - 
methylene formacetyl and thiof ormacetyl backbones; 
riboacetyl backbones; alkene containing backbones; 
sulfamate backbones; methyleneimino and methylenehydrazino 
backbones; sulfonate and sulfonamide backbones; amide 
backbones; and others having mixed N, 0, S and CH2 
component parts. 
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Representative United States patents that teach the 
preparation of the above oligonucleosides include, but are 

not limited to, U.S.: 5,034,506; 5,166,315; 5,185,444; 
5,214,134; 5,216,141; 5,235,033; 5,264,562; 5,264,564; 
5 5,405,938; 5,434,257; 5,466,677; 5,470,967; 5,489,677; 
5,541,307; 5,561,225; 5,596,086; 5,602,240; 5,610,289; 
5,602,240; 5,608,046; 5,610,289; 5,618,704; 5,623,070; 
5,663,312; 5,633,360; 5,677,437; 5,792,608; 5,646,269 and 
5,677,43 9, certain of which are commonly owned with this 
10 application, and each of which is herein incorporated by 
reference . 

Specific examples of some preferred modified 
oligonucleotides envisioned for this invention include 
those containing phosphorothioates , phosphotriesters, 

15 methyl phosphonates , short chain alkyl or cycloalkyl 
intersugar linkages or short chain heteroatomic or 
heterocyclic intersugar linkages. Most preferred are 
oligonucleotides with phosphorothioates (usually 
abbreviated in the art as P=S) and those with CH 2 -NH-0-CH 2 , 

20 CH 2 -N (CH 3 ) -0-CH 2 [known as a methylene (methylimino) or MM I 
backbone], CH 2 -0-N (CH 3 ) -CH 2 , CH 2 -N (CH 3 ) -N (CH 3 ) -CH 2 and O- 
N (CH 3 ) -CH 2 -CH 2 backbones, wherein the native phosphodiester 
(usually abbreviated in the art as P=0) backbone is 
represented as 0-P-0-CH 2 ) . Also preferred are 

25 oligonucleotides having morpholino backbone structures 
(Summerton and Weller, U.S. Patent 5,034,506). Further 
preferred are oligonucleotides with NR-C (*) -CH 2 -CH 2 , CH 2 -NR- 
C(*)-CH 2 , CH 2 -CH 2 -NR-C(*) , C ( * ) -NR-CH 2 -CH 2 and CH 2 -C (* ) -NR-CH 2 
backbones, wherein "*" represents 0 or S (known as amide 
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backbones; DeMesmaeker et al . , WO 92/20823, published 
November 26, 1992) . 

In other preferred oligonucleotide mimetics, both the 
sugar and the internucleoside linkage, i.e., the backbone, 
of the nucleotide units are replaced with novel groups. 
The base units are maintained for hybridization with an 
appropriate nucleic acid target compound. One such 
oligomeric compound, an oligonucleotide mimetic that has 
been shown to have excellent hybridization properties, is 
referred to as a peptide nucleic acid (PNA) . In PNA 
compounds, the sugar-backbone of an oligonucleotide is 
replaced with an amide containing backbone, in particular 
an aminoethylglycine backbone. The nucleobases are 
retained and are bound directly or indirectly to aza 
nitrogen atoms of the amide portion of the backbone. 
Representative United States patents that teach the 
preparation of PNA compounds include, but are not limited 
to, U.S.: 5,539,082; 5,714,331; and 5,719,262, each of 
which is herein incorporated by reference. Further 
teaching of PNA compounds can be found in Nielsen et al . , 
Science, 1991, 254, 1497-1500. 

A further preferred modification includes Locked 
Nucleic Acids (LNAs) in which the 2 ' -hydroxyl group is 
linked to the 3 ' or 4 ' carbon atom of the sugar ring 
thereby forming a bicyclic sugar moiety. The linkage is 
preferably a methelyne (-CH2-)n group bridging the 2' 
oxygen atom and the 4 ' carbon atom wherein n is 1 or 2 . 
LNAs and preparation thereof are described in WO 98/3 9352 
and WO 99/14226. 
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Preferred modified oligonucleotides may contain one 
or more substituted sugar moieties comprising one of the 
following at the 2' position: OH, SH, SCH 3 , F, OCN, 
OCH 3 OCH 3/ OCH 3 0(CH 2 ) n CH 3/ 0(CH 2 ) n NH 2 or 0(CH 2 ) n CH 3 where n is 
from 1 to about 10; d to C 10 lower alkyl, alkoxyalkoxy , 
substituted lower alkyl, alkaryl or aralkyl ; Cl ; Br; CN; 
CF 3 ; OCF 3 ; O-, S-, or N- alkyl; O- , S-, or N-alkenyl; SOCH 3 ; 
S0 2 CH 3 ; ON0 2 ; N0 2 ; N 3 ; NH 2 ; heterocycloalkyl ; 
heterocycloalkaryl; aminoalkylamino; polyalkyl amino; 
substituted silyl; an RNA cleaving group; a reporter group ; 
an intercalator; a group for improving the pharmacokinetic 
properties of an oligonucleotide; or a group for improving 
the pharmacodynamic properties of an oligonucleotide and 
other substituents having similar properties. A preferred 
modification includes 2 ' -O -me thoxy ethyl [which can be 
written as 2 ' -0-CH 2 CH 2 OCH 3 , and is also known in the art as 
2 * -0- (2-methoxyethyl) or 2 ' - me thoxye thoxy] [Martin et al . , 
Helv. Chim. Acta, 78, 486 (1995)]. Other preferred 
modifications include 2 ' -me thoxy (2 ' -0-CH 3 ) , 2 ' -propoxy (2 ' - 
OCH 2 CH 2 CH 3 ) , 2 ' -aminopropoxy (2 ' -OCH 2 CH 2 CH 2 NH 2 ) and 2'-fluoro 
(2 ' -F) . A further preferred modification includes 
2 ' -dime thylaminooxye thoxy, i.e., a 0 (CH 2 ) 2 ON (CH 3 ) 2 group, 
also known as 2 1 - DMAOE , as described in examples 
hereinbelow. Similar modifications may also be made at 
other positions on the oligonucleotide, particularly the 3 1 
position of the sugar on the 3 ' terminal nucleotide or in 
2' -5' linked oligonucleotides, and the 5' position of the 
5' terminal nucleotide. Oligonucleotides may also have 
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sugar mimetics such as cyclobutyls in place of the 
pentof uranosyl group. 

Other preferred modifications include 2 • -methoxy (2 ' - 
0-CH 3 ) , 2 ' -aminopropoxy (2 ' -OCH2CH2CH2NH2) , 2 ' -allyl (2 1 -CH 2 - 
CH=CH 2 ) , 2'-0-allyl (2 1 -0-CH 2 -CH=CH 2 ) and 2'-fluoro (2 1 -F) . 
The 2 1 -modification may be in the arabino (up) position or 
ribo (down) position. A preferred 2 • -arabino modification 
is 2*-F. Representative United States patents that teach 
the preparation of modified sugar structures include, but 
are not limited to, U.S.: 4,981,957; 5,118,800; 5,319,080; 
5,359,044; 5,393,878; 5,446,137; 5,466,786; 5,514,785; 
5,519,134; 5,567,811; 5,576,427; 5,591,722; 5,597,909; 
5,610,300; 5,627,053; 5,639,873; 5,646,265; 5,658,873; 
5,670,633; 5,792,747; and 5,700,920, certain of which are 
commonly owned with the instant application, and each of 
which is herein incorporated by reference in its entirety. 

The oligonucleotides of the invention may 
additionally or alternatively include nucleobase 
modifications or substitutions. As used herein, 
"unmodified" or "natural" nucleobases include adenine (A) , 
guanine (G) , thymine (T) , cytosine (C) and uracil (U) . 
Oligonucleotides may also include nucleobase (often 
referred to in the art simply as "base") modifications or 
substitutions. As used herein, "unmodified" or "natural" 
nucleobases include the purine bases adenine (A) and 
guanine (G) , and the pyrimidine bases thymine (T) , cytosine 
(C) and uracil (U) . Modified nucleobases include other 
synthetic and natural nucleobases such as 5 -methyl cytosine 
(5-me-C) , 5-hydroxymethyl cytosine, xanthine, hypoxanthine , 
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5 -hydroxymethyl uracil, 2 -aminoadenine, 6 -methyl and other 
alkyl derivatives of adenine and guanine, 2 -propyl and 
other alkyl derivatives of adenine and guanine, 2- 
thiouracil, 2 - thiothymine and 2 -thiocytosine , 5-halouracil 
and cytosine, 5-propynyl (-C=C-CH3) uracil and cytosine and 
other alkynyl derivatives of pyrimidine bases, 6-azo 
uracil, cytosine and thymine, 5 -uracil (pseudouracil ) , 4- 
thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8- 
hydroxyl and other 8 -substituted adenines and guanines, 5- 
halo particularly 5-bromo, 5-trif luoromethyl and other 5- 
substituted uracils and cytosines, 7 -methyl guanine and 7- 
methyladenine, 2-F-adenine, 2 -amino- adenine , 8-azaguanine 
and 8-azaadenine, 7-deazaguanine and 7-deazaadenine and 3- 
deazaguanine and 3 -deazaadenine . N 6 ( 6 -aminohexyl ) adenine and 
2 , 6-diaminopurine are also included. [Romberg, A., DNA 
Replication, 1974, W.H. Freeman & Co., San Francisco, 1974, 
pp. 75-77; Gebeyehu, G. , et al . , Nucleic Acids Res., 15, 
4513 (1987)]. Further modified nucleobases include 
tricyclic pyrimidines such as phenoxazine cytidine (1H- 
pyrimido [5,4-b] [1, 4] benzoxazin-2 (3H) -one) , phenothiazine 
cytidine ( lH-pyrimido [5 , 4 -b] [1 , 4] benzothiazin-2 (3H) -one) , 
G-clamps such as a substituted phenoxazine cytidine (e.g. 
9- (2-aminoethoxy) -H-pyrimido [5,4-b] [1 , 4] benzoxazin-2 (3H) - 
one), carbazole cytidine (2H-pyrimido [4 , 5 -b] indol -2 -one) , 
pyridoindole cytidine (H-pyrido [3 ' , 2 ' : 4 , 5] pyrrolo [2 , 3 - 
d]pyrimidin-2-one) . Modified nucleobases may also include 
those in which the purine or pyrimidine base is replaced 
with other heterocycles , for example 7 -deaza-adenine , 7- 
deazaguanosine, 2 -aminopyridine and 2-pyridone. Further 
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nucleobases include those disclosed in United States Patent 
No. 3,687,808, those disclosed in The Concise Encyclopedia 
Of Polymer Science And Engineering, pages 858-859, 
Kroschwitz, J.I., ed. John Wiley & Sons, 1990, those 
disclosed by Englisch et al . , Angewandte Chemie, 
International Edition, 1991, 30, 613, and those disclosed 
by Sanghvi, Y.S., Chapter 15, Antisense Research and 
Applications, pages 2 89-3 02, Crooke, S.T. and Lebleu, B. , 
ed., CRC Press, 1993. Certain of these nucleobases are 
particularly useful for increasing the binding affinity of 
the oligomeric compounds of the invention. These include 
5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 
and 0-6 substituted purines, including 2 -aminopropyl - 
adenine, 5 -propynyluracil and 5 -propynylcytosine . 5- 
methylcytosine substitutions have been shown to increase 
nucleic acid duplex stability by 0.6-1.2°C (Sanghvi, Y.S., 
Crooke, S.T. and Lebleu, B., eds . , Antisense Research and 
Applications, CRC Press, Boca Raton, 1993, pp. 276-278) and 
are presently preferred base substitutions, even more 
particularly when combined with 2 ' -O-methoxyethyl sugar 
modifications . 

Representative United States patents that teach the 
preparation of certain of the above noted modified 
nucleobases as well as other modified nucleobases include, 
but are not limited to, the above noted U.S. 3,687,808, as 
well as U.S.: 4,845,205; 5,130,302; 5,134,066; 5,175,273; 
5,367,066; 5,432,272; 5,457,187; 5,459,255; 5,484,908; 
5,502,177; 5,525,711; 5,552,540; 5,587,469; 5,594,121, 
5,596,091; 5,614,617; 5,645,985; 5,830,653; 5,763,588; 
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6,005,096; and 5,681,941, certain of which are commonly 
owned with the instant application, and each of which is 
herein incorporated by reference, and United States patent 
5,750,692, which is commonly owned with the instant 
5 application and also herein incorporated by reference. 
Another preferred additional or alternative 
modification of the oligonucleotides of the invention 
involves chemically linking to the oligonucleotide one or 
more lipophilic moieties which enhance the cellular uptake 

10 of the oligonucleotide. Such lipophilic moieties may be 

linked to an oligonucleotide at several different positions 
on the oligonucleotide. Some preferred positions include 
the 3' position of the sugar of the 3' terminal nucleotide, 
the 5' position of the sugar of the 5' terminal nucleotide, 

15 and the 2' position of the sugar of any nucleotide. The N6 
position of a purine nucleobase may also be utilized to 
link a lipophilic moiety to an oligonucleotide of the 
invention (Gebeyehu, G., et al . , Nucleic Acids Res., 1987, 
15, 4513) . Such lipophilic moieties include but are not 

20 limited to a cholesteryl moiety [Letsinger et al . , Proc . 
Natl. Acad. Sci. USA,, 86, 6553 (1989)], cholic acid 
[Manoharan et al . , Bioorg. Med. Chem. Let., 4, 10 53 
(1994)], a thioether, e.g., hexyl-S-tritylthiol [Manoharan 
et al., Ann. N.Y. Acad. Sci., 660, 306 (1992); Manoharan 

25 et al., Bioorg. Med. Chem. Let., 3, 2765 (1993)], a 

thiocholesterol [Oberhauser et al . , Nucl . Acids Res., 20, 
533 (1992)], an aliphatic chain, e.g., dodecandiol or 
undecyl residues [Saison-Behmoaras et al . , EMBO J., 10, 111 
(1991); Kabanov et al . , FEBS Lett., 259, 327 (1990); 
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Svinarchuk et al . , Biochimie . , 75, 49(1993)], a 
phospholipid, e.g., di-hexadecyl-rac-glycerol or 
triethylammonium 1 , 2 -di -O-hexadecyl -rac-glycero-3 -H- 
phosphonate [Manoharan et al . , Tetrahedron Lett., 36, 3651 
(1995); Shea et al . , Nucl . Acids Res., 18, 3777 (1990)], a 
polyamine or a polyethylene glycol chain [Manoharan et al . , 
Nucleosides & Nucleotides, 14, 969 (1995)], or adamant ane 
acetic acid [Manoharan et al . , Tetrahedron Lett., 36, 3651 
(1995)], a palmityl moiety [Mishra et al . , Biochim. 
Biophys. Acta, 1264, 229 (1995)], or an octadecylamine or 
hexylamino-carbonyl-oxycholesterol moiety [Crooke et al . , 
J. Pharmacol. Exp. Ther., 277, 923 (1996)]. 
Oligonucleotides comprising lipophilic moieties, and 
methods for preparing such oligonucleotides, as disclosed 
in U.S. Patents No. 5,138,045, No. 5,218,105 and No . 
5,459,255, the contents of which are hereby incorporated by 
reference . 

The present invention also includes oligonucleotides 
which are chimeric oligonucleotides. "Chimeric" 
oligonucleotides or "chimeras, 11 in the context of this 
invention, are oligonucleotides which contain two or more 
chemically distinct regions, each made up of at least one 
nucleotide. These oligonucleotides typically contain at 
least one region wherein the oligonucleotide is modified so 
as to confer upon the oligonucleotide increased resistance 
to nuclease degradation, increased cellular uptake, and/or 
increased binding affinity for the target nucleic acid. An 
additional region of the oligonucleotide may serve as a 
substrate for enzymes capable of cleaving RNA : DNA or 
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RNA : RNA hybrids. By way of example, RNase H is a cellular 
endonuclease which cleaves the RNA strand of an RNA : DNA 
duplex. Activation of RNase H, therefore, results in 
cleavage of the RNA target, thereby greatly enhancing the 
5 efficiency of antisense inhibition of gene expression. 

Cleavage of the RNA target can be routinely detected by gel 
electrophoresis and, if necessary, associated nucleic acid 
hybridization techniques known in the art. This RNAse H- 
mediated cleavage of the RNA target is distinct from the 

10 use of ribozymes to cleave nucleic acids. 

Examples of chimeric oligonucleotides include but are 
not limited to "gapmers," in which three distinct regions 
are present, normally with a central region flanked by two 
regions which are chemically equivalent to each other but 

15 distinct from the gap. A preferred example of a gapmer is 
an oligonucleotide in which a central portion (the "gap") 
of the oligonucleotide serves as a substrate for RNase H 
and is preferably composed of 2 1 -deoxynucleotides , while 
the flanking portions (the 5' and 3' "wings") are modified 

2 0 to have greater affinity for the target RNA molecule but 
are unable to support nuclease activity (e.g., 2'-fluoro- 
or 2 ' -O-methoxyethyl- substituted). Other chimeras include 
"wingmers," also known in the art as "hemimers, " that is, 
oligonucleotides with two distinct regions. In a preferred 

25 example of a wingmer, the 5 1 portion of the 

oligonucleotide serves as a substrate for RNase H and is 
preferably composed of 2 ' -deoxynucleotides , whereas the 3' 
portion is modified in such a fashion so as to have greater 
affinity for the target RNA molecule but is unable to 
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support nuclease activity (e.g., 2*-fluoro- or 2 ' -0- 
methoxy ethyl- substituted) , or vice -versa. In one 
embodiment, the oligonucleotides of the present invention 
contain a 2 ' -O-methoxyethyl (2 ' -0-CH2CH2OCH3 ) modification 
on the sugar moiety of at least one nucleotide. This 
modification has been shown to increase both affinity of 
the oligonucleotide for its target and nuclease resistance 
of the oligonucleotide. According to the invention, one, a 
plurality, or all of the nucleotide subunits of the 
oligonucleotides of the invention may bear a 2 ' -0- 
methoxyethyl ( -0-CH2CH20CH3 ) modification. 
Oligonucleotides comprising a plurality of nucleotide 
subunits having a 2 1 -O-methoxyethyl modification can have 
such a modification on any of the nucleotide subunits 
within the oligonucleotide, and may be chimeric 
oligonucleotides. Aside from or in addition to 2 ' -O- 
methoxyethyl modifications, oligonucleotides containing 
other modifications which enhance antisense efficacy, 
potency or target affinity are also preferred. Chimeric 
oligonucleotides comprising one or more such modifications 
are presently preferred. Through use of such 
modifications, active oligonucleotides have been identified 
which are shorter than conventional "first generation" 
oligonucleotides active against mdm2 . Oligonucleotides in 
accordance with this invention are from 5 to 50 nucleotides 
in length, preferably from about 8 to about 30. In the 
context of this invention it is understood that this 
encompasses non-naturally occurring oligomers as 
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hereinbefore described, having from 5 to 5 0 monomers, 
preferably from about 8 to about 30. 

The oligonucleotides used in accordance with this 
invention may be conveniently and routinely made through 
the well-known technique of solid phase synthesis. 
Equipment for such synthesis is sold by several vendors 
including Applied Biosystems . Any other means for such 
synthesis may also be employed; the actual synthesis of the 
oligonucleotides is well within the talents of the 
routineer. It is well known to use similar techniques to 
prepare oligonucleotides such as the phosphorothioates and 
2'-alkoxy or 2 ' -alkoxyalkoxy derivatives, including 2 ' -0- 
methoxyethyl oligonucleotides [Martin, P., Helv. Chim. 
Acta, 78, 486 (1995)]. it is also well known to use 
similar techniques and commercially available modified 
amidites and controlled-pore glass (CPG) products such as 
biotin, fluorescein, acridine or psoralen-modif ied amidites 
and/or CPG (available from Glen Research, Sterling VA) to 
synthesize fluorescent ly labeled, biotinylated or other 
conjugated oligonucleotides. 

The antisense compounds of the present invention 
include bioequivalent compounds, including pharmaceut ically 
acceptable salts and prodrugs. This is intended to 
encompass any pharmaceutical^ acceptable salts, esters, or 
salts of such esters, or any other compound which, upon 
administration to an animal including a human, is capable 
of providing (directly or indirectly) the biologically 
active metabolite or residue thereof. Accordingly, for 
example, the disclosure is also drawn to pharmaceutical^ 
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acceptable salts of the nucleic acids of the invention and 
prodrugs of such nucleic acids. 

Pharmaceutically acceptable "salts" are 
physiologically and pharmaceutically acceptable salts of 
the nucleic acids of the invention: i.e., salts that retain 
the desired biological activity of the parent compound and 
do not impart undesired toxicological effects thereto [see, 
for example, Berge et al . , "Pharmaceutical Salts," J. of 
Pharma Sci . , 66:1 (1977)]. 

For oligonucleotides, examples of pharmaceutically 
acceptable salts include but are not limited to (a) salts 
formed with cations such as sodium, potassium, ammonium, 
magnesium, calcium, polyamines such as spermine and 
spermidine, etc.; (b) acid addition salts formed with 
inorganic acids, for example hydrochloric acid, hydrobromic 
acid, sulfuric acid, phosphoric acid, nitric acid and the 
like; 8 salts formed with organic acids such as, for 
example, acetic acid, oxalic acid, tartaric acid, succinic 
acid, maleic acid, fumaric acid, gluconic acid, citric 
acid, malic acid, ascorbic acid, benzoic acid, tannic acid, 
palmitic acid, alginic acid, polyglutamic acid, 
naphthalenesulfonic acid, methanesulf onic acid, p- 
toluenesulf onic acid, naphthalenedisulf onic acid, 
polygalacturonic acid, and the like; and (d) salts formed 
from elemental anions such as chlorine, bromine, and 
iodine . 

The oligonucleotides of the invention may 
additionally or alternatively be prepared to be delivered 
in a "prodrug" form. The term "prodrug" indicates a 
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therapeutic agent that is prepared in an inactive form that 
is converted to an active form (i.e., drug) within the body 
or cells thereof by the action of endogenous enzymes or 
other chemicals and/or conditions. In particular, prodrug 
versions of the oligonucleotides of the invention are 
prepared as SATE [ (S -acetyl -2- thioethyl) phosphate] 
derivatives according to the methods disclosed in WO 
93/24510 to Gosselin et al . , published December 9, 1993. 

For therapeutic or prophylactic treatment, 
oligonucleotides are administered in accordance with this 
invention. Oligonucleotide compounds of the invention may 
be formulated in a pharmaceutical composition, which may 
include pharmaceutical^ acceptable carriers, thickeners, 
diluents, buffers, preservatives, surface active agents, 
neutral or cationic lipids, lipid complexes, liposomes, 
penetration enhancers, carrier compounds and other 
pharmaceutically acceptable carriers or excipients and the 
like in addition to the oligonucleotide. Such compositions 
and formulations are comprehended by the present invention. 

Pharmaceutical compositions comprising the 
oligonucleotides of the present invention may include 
penetration enhancers in order to enhance the alimentary 
delivery of the oligonucleotides. Penetration enhancers may 
be classified as belonging to one of five broad categories, 
i.e., fatty acids, bile salts, chelating agents, 
surfactants and non-surf actants (Lee et al., Critical 
Reviews in Therapeutic Drug Carrier Systems, 1991, 
8:91-192; Muranishi, Critical Reviews in Therapeutic Drug 
Carrier Systems, 1990, 7:1). One or more penetration 
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enhancers from one or more of these broad categories may be 
included. Compositions comprising oligonucleotides and 
penetration enhancers are disclosed in co-pending U.S. 
patent application Serial No. 08/886,829 to Teng et al . , 
filed July 1, 1991, which is herein incorporated by 
reference in its entirety. 

The compositions of the present invention may 
additionally contain other adjunct components 
conventionally found in pharmaceutical compositions, at 
their art-established usage levels. Thus, for example, the 
compositions may contain additional compatible 
pharmaceutically-active materials such as, e.g., 
antipruritics, astringents, local anesthetics or 
anti- inflammatory agents, or may contain additional 
materials useful in physically formulating various dosage 
forms of the composition of present invention, such as 
dyes, flavoring agents, preservatives, antioxidants, 
opacifiers, thickening agents and stabilizers. However, 
such materials, when added, should not unduly interfere 
with the biological activities of the components of the 
compositions of the invention. 

Regardless of the method by which the 
oligonucleotides of the invention are introduced into a 
patient, colloidal dispersion systems may be used as 
delivery vehicles to enhance the in vivo stability of the 
oligonucleotides and/or to target the oligonucleotides to a 
particular organ, tissue or cell type. Colloidal 
dispersion systems include, but are not limited to, 
macromolecule complexes, nanocapsules , microspheres, beads 
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and lipid-based systems including oil-in-water emulsions, 
micelles, mixed micelles, liposomes and 
lipid: oligonucleotide complexes of uncharacterized 
structure. A preferred colloidal dispersion system is a 
plurality of liposomes. Liposomes are microscopic spheres 
having an aqueous core surrounded by one or more outer 
layers made up of lipids arranged in a bilayer 
configuration [see, generally, Chonn et al . , Current Op. 
Biotech., 6, 698 (1995)]. Liposomal antisense compositions 
are prepared according to the disclosure of co-pending U.S. 
patent application Serial No. 08/961,469 to Hardee et al . , 
filed October 31, 1997, herein incorporated by reference in 
its entirety. 

The pharmaceutical compositions of the present 
invention may be administered in a number of ways depending 
upon whether local or systemic treatment is desired and 
upon the area to be treated. Administration may be topical 
(including ophthalmic, vaginal, rectal, intranasal, 
epidermal and transdermal), oral or parenteral. Parenteral 
administration includes intravenous drip, subcutaneous, 
intraperitoneal or intramuscular injection, pulmonary 
administration, e.g., by inhalation or insufflation, or 
intracranial, e.g., intrathecal or intraventricular, 
administration. Oligonucleotides with at least one 2 ' -O- 
methoxyethyl modification are believed to be particularly 
useful for oral administration. Modes of administering 
oligonucleotides are disclosed in co-pending U.S. patent 
application Serial No. 08/961,469 to Hardee et al . , filed 
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October 31, 1997, herein incorporated by reference in its 
entirety. 

Formulations for topical administration may include 
transdermal patches, ointments, lotions, creams, gels, 
5 drops, suppositories, sprays, liquids and powders. 

Conventional pharmaceutical carriers, aqueous, powder or 
oily bases, thickeners and the like may be necessary or 
desirable. Coated condoms, gloves and the like may also be 
useful . 

1° Compositions for oral administration include powders 

or granules, suspensions or solutions in water or non- 
aqueous media, capsules, sachets or tablets. Thickeners, 
flavoring agents, diluents, emulsifiers, dispersing aids or 
binders may be desirable. 

15 Compositions for parenteral administration may 

include sterile aqueous solutions which may also contain 
buffers, diluents and other suitable additives. In some 
cases it may be more effective to treat a patient with an 
oligonucleotide of the invention in conjunction with other 

2 0 traditional therapeutic modalities in order to increase the 
efficacy of a treatment regimen. In the context of the 
invention, the term "treatment regimen" is meant to 
encompass therapeutic, palliative and prophylactic 
modalities. For example, a patient may be treated with 

25 conventional chemotherapeut ic agents, particularly those 
used for tumor and cancer treatment . Examples of such 
chemotherapeutic agents include but are not limited to 
daunorubic in, daunomycin, dactinomycin, doxorubicin, 
epirubicin, idarubicin, esorubicin, bleomycin, mafosf amide, 
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if osf amide, cytosine arabinoside, bis- 

chloroethylnitrosurea , busulfan, mitomycin C, actinomycin 
D, mithramycin, prednisone, hydroxyprogesterone , 
testosterone, tamoxifen, dacarbazine, procarbazine, 
hexame t hyl me 1 amine, pentamethylmelamine , mitoxantrone , 
amsacrine, chlorambucil, methyl cyclohexylnitrosurea , 
nitrogen mustards, melphalan, cyclophosphamide, 6- 
mercaptopurine, 6-thioguanine, cytarabine (CA) , 5- 
azacytidine, hydroxyurea, deoxycof ormycin, 4- 
hydroxyperoxycyclophosphoramide, 5 -f luorouracil (5-FU) , 5- 
f luorodeoxyuridine (5-FUdR) , methotrexate (MTX) , 
colchicine, taxol, vincristine, vinblastine, etoposide, 
trimetrexate, teniposide, cisplatin and diethylstilbestrol 
(DES) . See, generally, The Merck Manual of Diagnosis and 
Therapy, 15th Ed., pp. 1206-1228, Berkow et al . , eds . , 
Rahay, N.J., 1987). When used with the compounds of the 
invention, such chemotherapeutic agents may be used 
individually (e.g., 5-FU and oligonucleotide) , sequentially 
(e.g., 5-FU and oligonucleotide for a period of time 
followed by MTX and oligonucleotide) , or in combination 
with one or more other such chemotherapeutic agents (e.g., 
5-FU, MTX and oligonucleotide, or 5-FU, radiotherapy and 
oligonucleotide) . 

The formulation of therapeutic compositions and their 
subsequent administration is believed to be within the 
skill of those in the art. Dosing is dependent on severity 
and responsiveness of the disease state to be treated, with 
the course of treatment lasting from several days to 
several months, or until a cure is effected or a diminution 
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of the disease state is achieved. Optimal dosing schedules 
can be calculated from measurements of drug accumulation in 
the body of the patient. Persons of ordinary skill can 
easily determine optimum dosages, dosing methodologies and 
5 repetition rates. Optimum dosages may vary depending on 
the relative potency of individual oligonucleotides, and 
can generally be estimated based on EC50s found to be 
effective in in vitro and in vivo animal models. In 
general, dosage is from 0.01 /xg to 100 g per kg of body 
10 weight, and may be given once or more daily, weekly, 
monthly or yearly, or even once every 2 to 20 years. 
Persons of ordinary skill in the art can easily estimate 
repetition rates for dosing based on measured residence 
times and concentrations of the drug in bodily fluids or 
15 tissues. Following successful treatment, it may be 

desirable to have the patient undergo maintenance therapy 
to prevent the recurrence of the disease state, wherein the 
oligonucleotide is administered in maintenance doses, 
ranging from 0.01 /xg to 100 g per kg of body weight, once 
2 0 or more daily, to once every 2 0 years. 

Thus, in the context of this invention, by 
"therapeutically effective amount" is meant the amount of 
the compound which is required to have a therapeutic effect 
on the treated mammal. This amount, which will be apparent 
25 to the skilled artisan, will depend upon the type of 
mammal, the age and weight of the mammal, the type of 
disease to be treated, perhaps even the gender of the 
mammal, and other factors which are routinely taken into 
consideration when treating a mammal with a disease. A 
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therapeutic effect is assessed in the mammal by measuring 
the effect of the compound on the disease state in the 
animal. For example, if the disease to be treated is 
cancer, therapeutic effects are assessed by measuring the 
rate of growth or the size of the tumor, or by measuring 
the production of compounds such as cytokines, production 
of which is an indication of the progress or regression of 
the tumor. 

The following examples illustrate the present 
invention and are not intended to limit the same. 

EXAMPLES 

EXAMPLE 1: Synthesis of Oligonucleotides 

Unmodified oligodeoxynucleotides are synthesized on 
an automated DNA synthesizer (Applied Biosystems model 
3 80B) using standard phosphoramidite chemistry with 
oxidation by iodine. -cyanoethyldiisopropyl - 
phosphoramidites are purchased from Applied Biosystems 
(Foster City, CA) . For phosphorothioate oligonucleotides, 
the standard oxidation bottle was replaced by a 0 . 2 M 
solution of 3H-1 , 2 -benzodithiole-3 -one 1,1-dioxide in 
acetonitrile for the stepwise thiation of the phosphite 
linkages. The thiation cycle wait step was increased to 68 
seconds and was followed by the capping step. 

2 1 -methoxy oligonucleotides are synthesized using 2 1 - 
methoxy -cyanoethyldiisopropyl -phosphoramidites 
(Chemgenes, Needham, MA) and the standard cycle for 
unmodified oligonucleotides, except the wait step after 
pulse delivery of tetrazole and base was increased to 360 
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seconds. Other 2 ' -alkoxy oligonucleotides were synthesized 
by a modification of this method, using appropriate 2 1 - 
modified amidites such as those available from Glen 
Research, Inc., Sterling, VA. 

2'-fluoro oligonucleotides were synthesized as 
described in Kawasaki et al . , J. Med. Chem. , 36, 831 
(1993). Briefly, the protected nucleoside N6-benzoyl-2 ■ - 
deoxy-2 ' -f luoroadenosine was synthesized utilizing 
commercially available 9-S-D-arabinof uranosyl adenine as 
starting material and by modifying literature procedures 
whereby the 2'- -fluoro atom is introduced by a SN2- 
displacement of a 2 ' -S-O-trifyl group. Thus N6 -benzoyl - 9 - 
13-D-arabinof uranosyladenine was selectively protected in 
moderate yield as the 3 ' , 5 * -ditetrahydropyranyl (THP) 
intermediate. Deprotection of the THP and N6-benzoyl 
groups was accomplished using standard methodologies and 
standard methods were used to obtain the 5 ' - 
dimethoxytrityl- (DMT) and 5 ' -DMT-3 ' -phosphoramidite 
intermediates . 

The synthesis of 2 ' -deoxy-2 ' -fluoroguanosine was 
accomplished using tetraisopropyldisiloxanyl (TPDS) 
protected 9-S-D-arabinofuranosylguanine as starting 
material, and conversion to the intermediate diisobutyryl - 
arabinof uranosylguanosine . Deprotection of the TPDS group 
was followed by protection of the hydroxyl group with THP 
to give diisobutyryl di-THP protected 

arabinof uranosylguanine . Selective O-deacylat ion and 
triflation was followed by treatment of the crude product 
with fluoride, then deprotection of the THP groups. 
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Standard methodologies were used to obtain the 5 1 -DMT- and 
5 1 -DMT- 3 1 -phosphoramidites . 

Synthesis of 2 ' -deoxy-2 ' -f luorouridine was 
accomplished by the modification of a known procedure in 
which 2, 2 ' -anhydro-l-S-D-arabinofuranosyluracil was 
treated with 70% hydrogen f luoride -pyridine . Standard 
procedures were used to obtain the 5 ' -DMT and 5 ' -DMT- 
3 'phosphoramidites . 

2 1 -deoxy-2 1 - f luorocytidine was synthesized via 
amination of 2 ' -deoxy-2 1 -f luorouridine, followed by 
selective protection to give N4-benzoyl-2 ' -deoxy-2 ' - 
f luorocytidine . Standard procedures were used to obtain 
the 5 ' -DMT and 5 ' -DMT- 3 ' phosphoramidites . 

2 ' - (2 -methoxyethyl) -modified amidites are synthesized 
according to Martin, P., Helv. Chim. Acta, 78,486 (1995). 
For ease of synthesis, the last nucleotide was a 
deoxynucleotide . 2 1 -0-CH 2 CH 2 OCH 3 -cytosines may be 5-methyl 
cytosines . 

Synthesis of 5-Methyl cytosine monomers: 
2,2' -Anhydro [1- ( -D- arabinof uranosyl ) -5- 
methyluridine] : 

5-Methyluridine (ribosyl thymine , commercially 
available through Yamasa, Choshi, Japan) (72.0 g, 0.279 M) , 
diphenyl carbonate (90.0 g, 0.420 M) and sodium bicarbonate 
(2.0 g, 0.024 M) were added to DMF (300 mL) . The mixture 
was heated to reflux, with stirring, allowing the evolved 
carbon dioxide gas to be released in a controlled manner. 
After 1 hour, the slightly darkened solution was 
concentrated under reduced pressure. The resulting syrup 
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was poured into diethylether (2.5 L) , with stirring. The 
product formed a gum. The ether was decanted and the 
residue was dissolved in a minimum amount of methanol (ca. 
400 mL) . The solution was poured into fresh ether (2.5 L) 
to yield a stiff gum. The ether was decanted and the gum 
was dried in a vacuum oven (60°C at 1 mm Hg for 24 hours) to 
give a solid which was crushed to a light tan powder (57 g, 
85% crude yield) . The material was used as is for further 
reactions . 

2 ■ -O-Methoxyethyl-5-methyluridine : 

2 , 2 ' -Anhydro-5-methyluridine (195 g, 0.81 M), tris(2- 
methoxyethyl) borate (231 g, 0.98 M) and 2 -methoxyethanol 
(1.2 L) were added to a 2 L stainless steel pressure vessel 
and placed in a pre-heated oil bath at 160°C. After heating 
for 48 hours at 155-160°C, the vessel was opened and the 
solution evaporated to dryness and triturated with MeOH 
(2 00 mL) . The residue was suspended in hot acetone (1 L) . 
The insoluble salts were filtered, washed with acetone (150 
mL) and the filtrate evaporated. The residue (280 g) was 
dissolved in CH 3 CN (600 mL) and evaporated. A silica gel 
column (3 kg) was packed in CH 2 Cl 2 /acetone/MeOH (20:5:3) 
containing 0.5% Et 3 NH. The residue was dissolved in CH 2 C1 2 
(250 mL) and adsorbed onto silica (150 g) prior to loading 
onto the column. The product was eluted with the packing 
solvent to give 160 g (63%) of product. 
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2 ■ -O-Methoxyethyl-5 ' -O-dimethoxytrityl -5- 
methyluridine : 

2 1 -O-Methoxyethyl-5 -methyluridine (160 g, 0.506 M) 
was co-evaporated with pyridine (250 mL) and the dried 
residue dissolved in pyridine (1.3 L) . A first aliquot of 
dimethoxytrityl chloride (94.3 g, 0.2 78 M) was added and 
the mixture stirred at room temperature for one hour. A 
second aliquot of dimethoxytrityl chloride (94.3 g, 0.2 78 
M) was added and the reaction stirred for an additional one 
hour. Methanol (170 mL) was then added to stop the 
reaction. HPLC showed the presence of approximately 70% 
product . The solvent was evaporated and triturated with 
CH3CN (200 mL) . The residue was dissolved in CHC13 (1.5 L) 
and extracted with 2x500 mL of saturated NaHC03 and 2x500 
mL of saturated NaCl . The organic phase was dried over 
Na2S04, filtered and evaporated. 275 g of residue was 
obtained. The residue was purified on a 3.5 kg silica gel 
column, packed and eluted with EtOAc/Hexane/Acetone (5:5:1) 
containing 0.5% Et3NH. The pure fractions were evaporated 
to give 164 g of product. Approximately 20 g additional 
was obtained from the impure fractions to give a total 
yield of 183 g (57%) . 

3 1 -O-Acetyl-2 1 -O-methoxyethyl - 5 ' -O-dimethoxytrityl - 5 - 
methyluridine : 

2 1 -O-Methoxyethyl-5 ' -O-dimethoxytrityl -5 -methyl- 
uridine (106 g, 0.167 M) , DMF/pyridine (750 mL of a 3:1 
mixture prepared from 562 mL of DMF and 188 mL of pyridine) 
and acetic anhydride (24.38 mL, 0.258 M) were combined and 
stirred at room temperature for 24 hours. The reaction was 
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monitored by tic by first quenching the tic sample with the 
addition of MeOH. Upon completion of the reaction, as 
judged by tic, MeOH (50 mL) was added and the mixture 
evaporated at 35°C. The residue was dissolved in CHC13 (800 
mL) and extracted with 2x2 0 0 mL of saturated sodium 
bicarbonate and 2x2 0 0 mL of saturated NaCl . The water 
layers were back extracted with 200 mL of CHC13 . The 
combined organics were dried with sodium sulfate and 
evaporated to give 122 g of residue (approx. 90% product) . 
The residue was purified on a 3.5 kg silica gel column and 
eluted using EtOAc/Hexane (4 : 1 ) . Pure product fractions 
were evaporated to yield 96 g (84%) . 

3 ' -O-Acetyl-2 1 -O-methoxyethyl - 5 ' -O-dimethoxytrityl-5- 
methyl-4-triazoleuridine : 

A first solution was prepared by dissolving 3 1 -O- 
acetyl-2 1 -O-methoxyethyl -5 ' -O-dimethoxyt ri tyl - 5 - 
methyluridine (96 g, 0.144 M) in CH3CN (700 mL) and set 
aside. Triethylamine (189 mL, 1.44 M) was added to a 
solution of triazole (90 g, 1.3 M) in CH3CN (1 L) , cooled 
to -5°C and stirred for 0.5 h using an overhead stirrer. 
POC13 was added dropwise, over a 30 minute period, to the 
stirred solution maintained at 0-10°C, and the resulting 
mixture stirred for an additional 2 hours. The first 
solution was added dropwise, over a 45 minute period, to 
the later solution. The resulting reaction mixture was 
stored overnight in a cold room. Salts were filtered from 
the reaction mixture and the solution was evaporated. The 
residue was dissolved in EtOAc (1 L) and the insoluble 
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solids were removed by filtration. The filtrate was washed 
with 1x3 0 0 mL of NaHC03 and 2x3 0 0 mL of saturated NaCl , 
dried over sodium sulfate and evaporated. The residue was 
triturated with EtOAc to give the title compound. 

5 

2 ' -O-Methoxyethyl-5 1 -O-dimethoxytrityl -5- 
methylcytidine : 

A solution of 3 ' -0-acetyl -2 1 -0 -me thoxy ethyl - 5 ' -0- 
dimethoxytrityl-5-methyl-4-triazoleuridine (103 g, 0.141 M) 

10 in dioxane (500 mL) and NH40H (30 mL) was stirred at room 
temperature for 2 hours. The dioxane solution was 
evaporated and the residue azeotroped with MeOH (2x2 0 0 mL) . 
The residue was dissolved in MeOH (300 mL) and transferred 
to a 2 liter stainless steel pressure vessel. MeOH (400 

15 mL) saturated with NH3 gas was added and the vessel heated 
to 100°C for 2 hours (tic showed complete conversion) . The 
vessel contents were evaporated to dryness and the residue 
was dissolved in EtOAc (50 0 mL) and washed once with 
saturated NaCl (2 0 0 mL) . The organics were dried over 

2 0 sodium sulfate and the solvent was evaporated to give 85 g 
(95%) of the title compound. 

N4-Benzoyl-2 ' -0-methoxyethyl-5 ' -O-dimethoxytrityl -5- 
methylcytidine : 
25 2 ' -O-Methoxyethyl-5 1 -O-dimethoxytrityl -5 -methyl - 

cytidine (85 g, 0.134 M) was dissolved in DMF (800 mL) and 
benzoic anhydride (37.2 g, 0.165 M) was added with 
stirring. After stirring for 3 hours, tic showed the 
reaction to be approximately 95% complete. The solvent was 
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evaporated and the residue azeotroped with MeOH (2 0 0 mL) . 
The residue was dissolved in CHC13 (700 mL) and extracted 
with saturated NaHC03 (2x3 0 0 mL) and saturated NaCl (2x3 0 0 
mL) , dried over MgS04 and evaporated to give a residue (96 
g) . The residue was chromatographed on a 1 . 5 kg silica 
column using EtOAc/Hexane (1:1) containing 0.5% Et3NH as 
the eluting solvent. The pure product fractions were 
evaporated to give 90 g (90%) of the title compound. 

N4-Benzoyl-2 ' -0-methoxy ethyl -5 1 -O-dimethoxytrityl -5 - 
methylcytidine-3 1 -amidite : 

M4-Benzoyl-2 ' -0-methoxy ethyl -5 ' -O-dimethoxytrityl - 5 - 
methylcytidine (74 g, 0.10 M) was dissolved in CH2C12 (1 
L) . Tetrazole diisopropylamine (7.1 g) and 2 -cyanoethoxy- 
tetra (isopropyl) phosphite (40.5 mL, 0.123 M) were added 
with stirring, under a nitrogen atmosphere. The resulting 
mixture was stirred for 2 0 hours at room temperature (tic 
showed the reaction to be 95% complete) . The reaction 
mixture was extracted with saturated NaHC03 (1x3 00 mL) and 
saturated NaCl (3x3 0 0 mL) . The aqueous washes were back- 
extracted with CH2C12 (3 00 mL) , and the extracts were 
combined, dried over MgS04 and concentrated. The residue 
obtained was chromatographed on a 1.5 kg silica column 
using EtOAc\Hexane (3:1) as the eluting solvent. The pure 
fractions were combined to give 90.6 g (87%) of the title 
compound. 

5-methyl-2 ' -deoxycytidine (5-me-C) containing 
oligonucleotides were synthesized according to published 
methods [Sanghvi et al . , Nucl. Acids Res., 21, 3197 (1993)] 
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using commercially available phosphoramidites (Glen 
Research, Sterling VA or ChemGenes, Needham MA) . 

2=-0- (dimethylaminooxyethyl) nucleoside amidites 
2 1 - (Dimethylaminooxyethoxy) nucleoside amidites [also 
known in the art as 2 ' -0- (dimethylaminooxyethyl) nucleoside 
amidites] are prepared as described in the following 
paragraphs. Adenosine, cytidine and guanosine nucleoside 
amidites are prepared similarly to the thymidine (5- 
methyluridine) except the exocyclic amines are protected 
with a benzoyl moiety in the case of adenosine and cytidine 
and with isobutyryl in the case of guanosine. 

5 ' -O-tert-butyldiphenylsilyl-02-2 1 -anhydro-5- 
methyluridine 

02-2 ' -anhydro-5-methyluridine (Pro. Bio. Sint . , 
Varese, Italy, 100. Og, 0.416 mmol), dimethylaminopyridine 
(0.66g, 0.013eq, 0.0054mmol) were dissolved in dry pyridine 
(5 0 0 mL) at ambient temperature under an argon atmosphere 
and with mechanical stirring. tert- 
butyldiphenylchlorosilane (125. 8g, 119. OmL, 1 . leq, 
0.458mmol) was added in one portion. The reaction was 
stirred for 16 h at ambient temperature. TLC (Rf 0.22, 
ethyl acetate) indicated a complete reaction. The solution 
was concentrated under reduced pressure to a thick oil. 
This was partitioned between dichloromethane (1 L) and 
saturated sodium bicarbonate (2x1 L) and brine (1 L) . The 
organic layer was dried over sodium sulfate and 
concentrated under reduced pressure to a thick oil. The 
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oil was dissolved in a 1:1 mixture of ethyl acetate and 
ethyl ether (600mL) and the solution was cooled to -10 °C. 
The resulting crystalline product was collected by 
filtration, washed with ethyl ether (3x2 00 mL) and dried 
(40°C, lmm Hg, 24 h) to 149g (74.8%) of white solid. TLC 

and NMR were consistent with pure product . 

5 ' -O-tert-butyldiphenylsilyl-2 1 -0- (2 -hydroxy ethyl ) -5- 
methyluridine 

In a 2 L stainless steel, unstirred pressure reactor 
was added borane in tetrahydrof uran (1.0 M, 2.0 eq, 622 
mL) . In the fume hood and with manual stirring, ethylene 
glycol (350 mL, excess) was added cautiously at first until 
the evolution of hydrogen gas subsided. 5'-0-tert- 
butyldiphenylsilyl-02-2 ' -anhydro-5-methyluridine (149 g, 
0.311 mol) and sodium bicarbonate (0.074 g, 0.003 eq) were 
added with manual stirring. The reactor was sealed and 
heated in an oil bath until an internal temperature of 160 
°C was reached and then maintained for 16 h (pressure < 100 
psig) . The reaction vessel was cooled to ambient and 
opened. TLC (Rf 0.67 for desired product and Rf 0.82 for 
ara-T side product, ethyl acetate) indicated about 70% 
conversion to the product. In order to avoid additional 
side product formation, the reaction was stopped, 
concentrated under reduced pressure (10 to lmm Hg) in a 
warm water bath (40-100 °C) with the more extreme conditions 
used to remove the ethylene glycol . [Alternatively, once 
the low boiling solvent is gone, the remaining solution can 
be partitioned between ethyl acetate and water. The 
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product will be in the organic phase.] The residue was 
purified by column chromatography (2kg silica gel, ethyl 
acetate-hexanes gradient 1:1 to 4:1). The appropriate 
fractions were combined, stripped and dried to product as a 
5 white crisp foam (84g, 50%) , contaminated starting material 
(17. 4g) and pure reusable starting material 20g. The yield 
based on starting material less pure recovered starting 
material was 58%. TLC and NMR were consistent with 99% 
pure product . 

10 

2 1 -O- ( [2-phthalimidoxy) ethyl] -5 ' -t- 
butyldiphenylsilyl-5-methyluridine 

5 1 -O-tert-butyldiphenylsilyl-2 ' -O- (2 -hydroxy ethyl ) -5- 
methyluridine (20g, 36.98mmol) was mixed with 

15 triphenylphosphine (11.63g, 44.36mmol) and N- 

hydroxyphthalimide (7.24g, 44.36mmol). It was then dried 
over P205 under high vacuum for two days at 40 °C. The 
reaction mixture was flushed with argon and dry THF 
(369. 8mL, Aldrich, sure seal bottle) was added to get a 

20 clear solution. Diethyl -azodicarboxylat e (6.98mL, 

44.3 6mmol) was added dropwise to the reaction mixture. The 
rate of addition is maintained such that resulting deep red 
coloration is just discharged before adding the next drop. 
After the addition was complete, the reaction was stirred 

25 for 4 hrs. By that time TLC showed the completion of the 
reaction (ethylacetate : hexane , 60:40). The solvent was 
evaporated in vacuum. Residue obtained was placed on a 
flash column and eluted with ethyl acetate : hexane (60:40), 
to get 2 ' -O- ( [2-phthalimidoxy) ethyl] -5 ' -t- 
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butyldiphenylsilyl-5-methyluridine as white foam (21.819, 
86%) . 

5 ' -0-tert-butyldiphenylsilyl-2 1 -O- [ (2- 
formadoximinooxy) ethyl] -5-methyluridine 

2 1 -0- ( [2-phthalimidoxy) ethyl] -5 ' -t- 
butyldiphenylsilyl- 5-methyluridine (3.1g, 4.5mmol) was 
dissolved in dry CH2C12 (4.5mL) and methylhydrazine (300mL, 
4.64mmol) was added dropwise at -10 °C to 0°C. After 1 hr 
the mixture was filtered, the filtrate was washed with ice 
cold CH2C12 and the combined organic phase was washed with 
water, brine and dried over anhydrous Na 2 S0 4 . The solution 
was concentrated to get 2 ' -0- (aminooxyethyl) thymidine, 
which was then dissolved in MeOH (67.5mL) . To this 
formaldehyde (20% aqueous solution, w/w, l.leg.) was added 
and the mixture for 1 hr. Solvent was removed under 
vacuum; residue chromatographed to get 5'-0-tert- 
butyldiphenylsilyl-2 ' -0- [ (2 -f ormadoximinooxy) ethyl] -5- 
methyluridine as white foam (1.95, 78%). 

5 1 -0-tert-butyldiphenylsilyl-2 ' -O- [N, N- 
dimethylaminooxyethyl] -5-methyluridine 

5 1 -0-tert-butyldiphenylsilyl-2 1 -0- [ (2- 
f ormadoximinooxy) ethyl] -5-methyluridine (1 . 77g, 3 . 12mmol) 
was dissolved in a solution of 1M pyridinium p- 
toluenesulfonate (PPTS) in dry MeOH (30.6mL). Sodium 
cyanoborohydride (0.39g, 6.13mmol) was added to this 
solution at lOoC under inert atmosphere. The reaction 
mixture was stirred for 10 minutes at 10°C. After that the 
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reaction vessel was removed from the ice bath and stirred 
at room temperature for 2 hr, the reaction monitored by TLC 
(5% MeOH in CH 2 C1 2 ) . Aqueous NaHC0 3 solution (5%, lOmL) was 
added and extracted with ethyl acetate (2x2 OmL) . Ethyl 
5 acetate phase was dried over anhydrous Na 2 S0 4/ evaporated to 
dryness. Residue was dissolved in a solution of 1M PPTS in 
MeOH (30.6mL). Formaldehyde (20% w/w, 30mL, 3.37mmol) was 
added and the reaction mixture was stirred at room 
temperature for 10 minutes. Reaction mixture cooled to 

10 10 °C in an ice bath, sodium cyanoborohydride (0.39g, 

6.13mmol) was added and reaction mixture stirred at 10°C for 
10 minutes. After 10 minutes, the reaction mixture was 
removed from the ice bath and stirred at room temperature 
for 2 hrs. To the reaction mixture 5% NaHC03 (25mL) 

15 solution was added and extracted with ethyl acetate 

(2x25mL) . Ethyl acetate layer was dried over anhydrous 
Na 2 S0 4 and evaporated to dryness. The residue obtained was 
purified by flash column chromatography and eluted with 5% 
MeOH in CH 2 C1 2 to get 5 ' -O-tert-butyldiphenylsilyl-2 ' -O- 

20 [N,N-dimethylaminooxyethyl] -5 -methyl uridine as a white foam 
(14 . 6g, 80%) . 

2 ' -O- (dimethylaminooxyethyl) -5 -methyluridine 
Triethylamine trihydrof luoride (3.91mL, 24.0mmol) was 
2 5 dissolved in dry THF and triethylamine (1.67mL, 12mmol, 

dry, kept over KOH) . This mixture of triethylamine-2HF was 
then added to 5 ' -O-tert-butyldiphenylsilyl-2 1 -0- [N,N- 
dimethylaminooxyethyl] -5-methyluridine (1.40g, 2.4mmol) and 
stirred at room temperature for 24 hrs. Reaction was 
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monitored by TLC (5% MeOH in CH2C12) . Solvent was removed 
under vacuum and the residue placed on a flash column and 
eluted with 10% MeOH in CH 2 C1 2 to get 2 ' -0- 
(dimethylaminooxyethyl) -5-methyluridine (766mg, 92.5%). 

5 

5 ' -O-DMT-2 ' -O- (dimethylaminooxyethyl) -5-methyluridine 
2 1 -O- (dimethylaminooxyethyl) -5-methyluridine (750mg, 
2.17mmol) was dried over P 2 0 5 under high vacuum overnight at 
40 °C. It was then co-evaporated with anhydrous pyridine 
10 (2 0mL) . The residue obtained was dissolved in pyridine 
(llmL) under argon atmosphere. 4-dimethylaminopyridine 
(2 6.5mg, 2.60mmol), 4 , 4 1 -dimethoxytrityl chloride (880mg, 
2.60mmol) was added to the mixture and the reaction mixture 
was stirred at room temperature until all of the starting 
15 material disappeared. Pyridine was removed under vacuum 

and the residue chromatographed and eluted with 10% MeOH in 
CH 2 C1 2 (containing a few drops of pyridine) to get 5 1 -O-DMT- 
2 1 -O- (dimethylamino-oxyethyl) -5-methyluridine (1.13g, 80%). 

20 5 1 -O-DMT-2 ' -O- (2 -N, N- dimethylaminooxyethyl ) -5- 

methyluridine-3 ' - [ (2 -cyanoethyl) -N,N- 
di i sopropylphosphoramidi t e ] 

5 ' -O-DMT-2 ' -O- (dimethylaminooxyethyl) -5-methyluridine 
(1.08g, 1.67mmol) was co-evaporated with toluene (2 0mL) . 

2 5 To the residue N, N-dii sopropyl amine tetrazonide (0.29g, 

1.67mmol) was added and dried over P 2 0 5 under high vacuum 
overnight at 4 0°C. Then the reaction mixture was dissolved 
in anhydrous acetonitrile (8.4mL) and 2 -cyanoethyl - 
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N,N, Nl, Nl-tetraisopropylphosphoramidite (2 . 12mL, 6.08mmol) 
was added. The reaction mixture was stirred at ambient 
temperature for 4 hrs under inert atmosphere. The progress 
of the reaction was monitored by TLC (hexane : ethyl acetate 
1:1) . The solvent was evaporated, then the residue was 
dissolved in ethyl acetate (70mL) and washed with 5% 
aqueous NaHC0 3 (4 0mL) . Ethyl acetate layer was dried over 
anhydrous Na 2 S0 4 and concentrated. Residue obtained was 
chromatographed (ethyl acetate as eluent) to get 5 1 -O-DMT- 
2 ' -O- (2-N,N-dimethylaminooxyethyl) -5 -methyluridine- 3 ' - [ (2- 
cyanoethyl) -N, N-diisopropylphosphoramidite] as a foam 
(1 . 04g, 74 . 9%) . 

2 ' - (Aminooxyethoxy) nucleoside amidites 

2 ' - (Aminooxyethoxy) nucleoside amidites [also known 

in the art as 2 ' -0- (aminooxyethyl) nucleoside amidites] are 

prepared as described in the following paragraphs. 

Adenosine, cytidine and thymidine nucleoside amidites are 

prepared similarly. 

N2-isobutyryl-6-0-diphenylcarbamoyl-2 ' -0- (2 -ethylacetyl ) - 
5 ' -0- (4,4 ' -dimethoxytrityl) guanosine-3 ' - [ (2 -cyanoethyl) - 
N, N-diisopropylphosphoramidite] 

The 2 ' -0- aminooxyethyl guanos ine analog may be 
obtained by selective 2 ' -O-alkylat ion of diaminopurine 
riboside. Multigram quantities of diaminopurine riboside 
may be purchased from Schering AG (Berlin) to provide 2 ' -0- 
(2 -ethylacetyl) diaminopurine riboside along with a minor 
amount of the 3 ' -0-isomer . 2 ' -0- (2 -ethylacetyl) 
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diaminopurine riboside may be resolved and converted to 2 • - 
0- (2-ethylacetyl) guanosine by treatment with adenosine 
deaminase. (McGee, D. P. C, Cook, P. D . , Guinosso, C. J., 
WO 94/02501 Al 940203.) Standard protection procedures 
5 should afford 2 ' -O- (2 -ethylacetyl ) - 5 ' -O- (4 , 4 1 - 

dimethoxytrityl) guanosine and 2-N-isobutyryl-6-0- 
diphenyl carbamoyl -2 1 -0- (2-ethylacetyl) -5 1 -0- (4,4 ' - 
dimethoxytrityl) guanosine which may be reduced to provide 
2-N-isobutyryl-6-0-diphenylcarbamoyl-2 ' -O- (2-ethylacetyl) - 

10 5 ' -O- (4 , 4 ' -dimethoxytrityl) guanosine. As before the 

hydroxyl group may be displaced by N-hydroxyphthalimide via 
a Mitsunobu reaction, and the protected nucleoside may 
phosphitylated as usual to yield 2-N-isobutyryl-6-0- 
diphenyl carbamoyl -2 ' -0- (2-ethylacetyl) -5'-0-(4,4'- 

15 dimethoxytrityl) guanosine -3 ' - [ (2 -cyanoethyl ) -N,N- 
diisopropylphosphoramidite] . 

Oligonucleotides having methylene (methyl imino) (MMI) 
backbones are synthesized according to U.S. Patent 
5,378,825, which is coassigned to the assignee of the 

2 0 present invention and is incorporated herein in its 

entirety. For ease of synthesis, various nucleoside dimers 
containing MMI linkages were synthesized and incorporated 
into oligonucleotides. Other nitrogen-containing backbones 
are synthesized according to WO 92/20823 which is also 

25 coassigned to the assignee of the present invention and 
incorporated herein in its entirety. 

Oligonucleotides having amide backbones are 
synthesized according to De Mesmaeker et al . , Acc . Chem. 
Res., 28, 366 (1995). The amide moiety is readily 
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accessible by simple and well-known synthetic methods and 
is compatible with the conditions required for solid phase 
synthesis of oligonucleotides. 

Oligonucleotides with morpholino backbones are 
synthesized according to U.S. Patent 5,034,506 (Summerton 
and Weller) . 

Peptide-nucleic acid (PNA) oligomers are synthesized 
according to P.E. Nielsen et al . , Science, 254, 1497 
(1991) . 

After cleavage from the controlled pore glass column 
(Applied Biosystems) and deblocking in concentrated 
ammonium hydroxide at 55°C for 18 hours, the 

oligonucleotides are purified by precipitation twice out of 
0.5 M NaCl with 2.5 volumes ethanol . Synthesized 
oligonucleotides were analyzed by polyacrylamide gel 
electrophoresis on denaturing gels and judged to be at 
least 85% full length material. The relative amounts of 
phosphorothioate and phosphodiester linkages obtained in 
synthesis were periodically checked by 31 P nuclear magnetic 
resonance spectroscopy, and for some studies 
oligonucleotides were purified by HPLC, as described by 
Chiang et al . , J. Biol. Chem. , 266, 18162 (1991). Results 
obtained with HPLC-purif ied material were similar to those 
obtained with non-HPLC purified material. 

EXAMPLE 2: Human mdm2 Oligonucleotide Sequences 

The oligonucleotides tested are presented in Table 1. 
Sequence data are from the cDNA sequence published by 
01iner,J.D., et al . , Nature, 358, 80 (1992); Genbank 
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accession number Z12 02 0, provided herein as SEQ ID NO: 1. 
Oligonucleotides were synthesized primarily as chimeric 
oligonucleotides having a centered deoxy gap of eight 
nucleotides flanked by 2 ' -O-methoxyethyl regions. 

A54 9 human lung carcinoma cells (American Type 
Culture Collection, Manassas, VA) were routinely passaged 
at 80-90% confluency in Dulbecco 1 s modified Eagle's medium 
(DMEM) and 10% fetal bovine serum (Hyclone, Logan, Utah) . 
JEG-3 cells, a human choriocarcinoma cell line (American 
Type Culture Collection, Manassas, VA) , were maintained in 
RPMI1640, supplemented with 10% fetal calf serum. All cell 
culture reagents, except as otherwise indicated, are 
obtained from Life Technologies (Rockville, MD) . 

A549 cells were treated with phosphorothioate 
oligonucleotides at 200 nM for four hours in the presence 
of 6 fJtg/mL LIPOFECTIN™, washed and allowed to recover for 
an additional 20 hours. Total RNA was extracted and 15-20 
ug of each was resolved on 1% gels and transferred to nylon 
membranes. The blots were probed with a 32 P radiolabeled 
mdm2 cDNA probe and then stripped and reprobed with a 
radiolabeled G3PDH probe to confirm equal RNA loading. 
mdm2 transcripts were examined and quantified with a 
Phosphorlmager (Molecular Dynamics, Sunnyvale, CA) . 
Results are shown in Table 2. Oligonucleotides 16506 (SEQ 
ID NO: 3), 16507 (SEQ ID NO: 4), 16508 (SEQ ID NO: 5), 
16510 (SEQ ID NO: 7), 16518 (SEQ ID NO: 15), 16520 (SEQ ID 
NO: 17), 16521 (SEQ ID NO: 18), 16522 (SEQ ID NO: 19) and 
16524 (SEQ ID NO: 21) gave at least approximately 50% 
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reduction of mdm2 mRNA levels. Oligonucleotides 16507 and 
16518 gave better than 85% reduction of mdm2 . 

TABLE Is 

Nucleotide Sequences of Human mdm2 
Phosphorothioate Oligonucleotides 



ISIS 
NO. 


NUCLEOTIDE SEQUENCE 1 
(5« -> 3") 


SEQ 
ID 
NO: 


TARGET GENE 
NUCLEOTIDE 
CO-ORDINATES 2 


GENE 
TARGET 
REGION 


16506 


CAGCCAAGCTCGCGCGGTGC 


3 


0001-0020 


5 ' -UTR 


16507 


TCTTTCCGACACACAGGGCC 


4 


0037-0056 


5 ' -UTR 


16508 


CAGCAGGATCTCGGTCAGAG 


5 


0095-0114 


5 ' -UTR 


16509 


GGGCGCTCGTACGCACTAAT 


6 


0147-0166 


5 ' -UTR 


16510 


TCGGGGATCATTCCACTCTC 


7 


0181-0200 


5 ' -UTR 


16511 


CGGGGTTTTCGCGCTTGGAG 


8 


0273-0292 


5 ' -UTR 


16512 


CATTTGCCTGCTCCTCACCA 


9 


0295-0314 


AUG 


16513 


GTATTGCACATTTGCCTGCT 


10 


0303-0322 


AUG 


16514 


AGCACCATCAGTAGGTACAG 


11 


0331-0350 


ORF 


16515 


CTACCAAGTTCCTGTAGATC 


12 


0617-0636 


ORF 


16516 


TCAACTTCAAATTCTACACT 


13 


1047-1066 


ORF 


16517 


TTTACAATCAGGAACATCAA 


14 


1381-1400 


ORF 


16518 


AGCTTCTTTGCACATGTAAA 


15 


1695-1714 


ORF 
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16519 


C AGGT C AAC TAGGGGAAATA 


16 


1776-1795 


stop 


16520 


T CTT ATAGACAGGTCAACTA 


17 


1785-1804 


stop 


16521 


TCCTAGGGTTATATAGTTAG 


18 


1818-1837 


3 1 -UTR 


16522 


AAGTATTCACTATTCCACTA 


19 


1934-1953 


3 ' -UTR 


16523 


CCAAGATCACCCACTGCACT 


20 


2132-2151 


3 ' -UTR 


16524 


AGGTGTGGTGGCAGATGACT 


21 


2224-2243 


3 ' -UTR 


16525 


CCTGTCTCTACTAAAAGTAC 


22 


2256-2275 


3 1 -UTR 


17604 


ACAAGCCTTCGCTCTACCGG 


23 


scrambled 
cont irol 


16507 


17605 


TTCAGCGCATTTGTACATAA 


24 


scrambled 
cont irol 


16518 


17615 


TCTTTCCGACACACAGGGCC 


25 


0037-0056 


5 1 -UTR 


17616 


AGCTTCTTTGCACATGTAAA 


15 


1695-1714 


ORF 


17755 


CACATGTAAA 


15 


1695-1714 


ORF 


17756 


AGCTTCTTTATACATGTAAA 


26 


2 -base 
mismatch 


17616 


17757 


AGCTTCTTTACACATGTAAA 


27 


1-base 
mismatch 


17616 



Emboldened residues, 2 ' -methoxyethoxy- residues (others 
are 2'-deoxy-) including "C" residues, 5 -methyl -cytosines; 
all linkages are phosphorothioat e linkages. 

2 Co-ordinates from Genbank Accession No. Z12 02 0, locus name 
"HSP53ASSG" , SEQ ID NO: 1. Oligonucleotides 16505-16511 
are targeted to the 5 ' UTR of the L-mdm2 transcript as 
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described hereinabove [Landers et al . , Cancer Res., 57, 
3562 (1997)] Nucleotide coordinates on the Landers 
sequence [Landers et al . , Cancer Res., 57, 3562 (1997) and 
Genbank accession no. U3 973 6] are identical to those shown 
5 in Table 1 except for ISIS 16511, which maps to nucleotides 
267-286 on the Landers sequence. 



TABLE 2 

Activities of Phosphorothioate Oligonucleotides Targeted to 
Human mdm2 



ISIS 
No: 


SEQ 
ID 
NO : 


GENE TARGET 
REGION 


% mRNA 
EXPRESSION 


% mRNA 
INHIBITION 


LIPOFECTIN™ 
only 






100% 


0% 


16506 


3 


5 ' -UTR 


45% 


55% 


16507 


4 


5 ' -UTR 


13% 


87% 


16508 


5 


5 ' -UTR 


38% 


62% 


16509 


6 


5 1 -UTR 


161% 




16510 


7 


5 ' -UTR 


46% 


54% 


16511 


8 


5 ' -UTR 


91% 


9% 


16512 


9 


AUG 


89% 


11% 


16513 


10 


AUG 


174% 




16514 


11 


Coding 


92% 


8% 
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16515 


12 


Coding 


155% 




16516 


13 


Coding 


144% 




16517 


14 


Coding 


94% 


6% 


16518 


15 


Coding 


8% 


92% 


16519 


16 


stop 


73% 


27% 


16520 


17 


stop 


51% 


49% 


16521 


18 


3 ' -UTR 


38% 


62% 


16522 


19 


3 ' -UTR 


49% 


51% 


16523 


20 


3 1 -UTR 


109% 




16524 


21 


3 ' -UTR 


47% 


53% 


16525 


22 


3 ' -UTR 


100% 





EXAMPLE 3: Dose Response Of Antisense Oligonucleotide 
Effects On Human mdm2 mRNA Levels In A54 9 Cells 

Oligonucleotides 16507 and 16518 were tested at 
5 different concentrations. A549 cells were grown, treated 
and processed as described in Example 2. LIPOFECTIN™ was 
added at a ratio of 3 ug/mL per 100 nM of oligonucleotide. 
The control included LIPOFECTIN™ at a concentration of 12 
ug/mL. Oligonucleotide 17605, an oligonucleotide with 
10 different sequence but identical base composition to 

oligonucleotide 16518, was used as a negative control. 
Results are shown in Table 3. Oligonucleotides 16507 and 
16518 gave approximately 90% inhibition at concentrations 
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greater than 200 nM. No inhibition was seen with 
oligonucleotide 17605. 



TABLE 3 

Dose Response of A549 Cells to mdm.2 
Antisense Oligonucleotides (ASOs) 



ISIS # 


SEQ 
ID 
NO : 


ASO Gene 
Target 


Dose 


% mRNA 
Expression 


% mRNA 
Inhibition 


control 




LIPOFECTIN™ 
only 




100% 


0% 


16507 


4 


5 1 -UTR 


25 nM 


55% 


45% 








5 0 nM 


52% 


48% 


16507 


4 




100 nM 


24% 


76% 


16507 


4 




2 00 nM 


12% 


88% 


16518 


15 


Coding 


50 nM 


18% 


82% 


16518 


15 




100 nM 


14% 


86% 


16518 


15 




2 00 nM 


9% 


91% 


16518 


15 




400 nM 


8% 


92% 


17605 


24 


scrambled 
control 


400 nM 


129% 





EXAMPLE 4: Time Course of Antisense Oligonucleotide Effects 
on Human mdm2 mRNA Levels in A549 Cells 

Oligonucleotides 16507 and 17605 were tested by 
treating for varying times. A549 cells were grown, 
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treated for times indicated in Table 4 and processed as 
described in Example 2 . Results are shown in Table 4 . 
Oligonucleotide 16507 gave greater than 90% inhibition 
throughout the time course. No inhibition was seen with 
oligonucleotide 17605. 



TABLE 4 

Time Course of Response of Cells to 
Human mdm2 Antisense Oligonucleotides (ASOs) 



ISIS # 


SEQ 
ID 
NO: 


ASO Gene 
Target 
Region 


Time 


% RNA 
Expression 


% RNA 
Inhibition 


basal 




LIPOFECTIN™ 
only 


24 h 


100% 


0% 


basal 






48 h 


100% 


0% 


basal 






72 h 


100% 


0% 


16518 


15 


Coding 


24 h 


3% 


97% 


16518 


15 




48 h 


6% 


94% 


16518 


15 




72 h 


5% 


95% 


17605 


24 


scrambled 


24 h 


195% 




17605 


24 




48 h 


100% 




17605 


24 




72 h 


102% 
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EXAMPLE 5: Effect of Antisense Oligonucleotides on Cell 
Proliferation in A549 Cells 

A54 9 cells were treated on day 0 for four hours with 
400 nM oligonucleotide and 12 mg/mL LIPOFECTIN. After four 
5 hours, the medium was replaced. Twenty-four, forty-eight 
or seventy-two hours after initiation of oligonucleotide 
treatment, live cells were counted on a hemacytometer. 
Results are shown in Table 5. 

10 TABLE 5 

Antisense Inhibition of Cell Proliferation 
in A549 cells 



ISIS # 


SEQ 
ID 
NO: 


ASO Gene 
Target Region 


Time 


% Cell 
Growth 


% Growth 
Inhibition 


basal 




LIPOFECTIN™ 
only 


24 h 


100% 


0% 


basal 






48 h 


100% 


0% 


basal 






72 h 


100% 


0% 


16518 


15 


Coding 


24 h 


53% 


47% 


16518 


15 




48 h 


27% 


73% 


16518 


15 




72 h 


17% 


83% 


17605 


24 


scrambled 


24 h 


93% 


7% 


17605 


24 




48 h 


76% 


24% 


17605 


24 




72 h 


95% 


5% 
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EXAMPLE 6: Effect of mdm2 Antisense Oligonucleotide on p53 
Protein Levels 

JEG3 cells were cultured and treated as described in 
Example 2, except that 300 nM oligonucleotide and 9 ug/mL 
of LIPOFECTIN™ was used. 

For determination of p53 protein levels by western 
blot, cellular extracts were prepared using 300 ul of RIPA 
extraction buffer per 100-mm dish. The protein 
concentration was quantified by Bradford assay using the 
BioRad kit (BioRad, Hercules, CA) . Equal amounts of 
protein were loaded on 10% or 12% SDS-PAGE mini-gel (Novex, 
San Diego, CA) . Once transferred to PVDF membranes 
(Millipore, Bedford, MA) , the membranes were then treated 
for a minimum of 2h with specific primary antibody (p53 
antibody, Transduction Laboratories, Lexington, KY) 
followed by incubation with secondary antibody conjugated 
to HRP. The results were visualized by ECL Plus Western 
Blotting Detection System (Amersham Pharmacia Biotech, 
Piscataway, NJ) . In some experiments, the blots were 
stripped in stripping buffer (2% SDS, 12.5 mM Tris, pH 6.8) 
for 3 0 min. at 5 0°C. After extensive washing, the blots 
were blocked and blotted with different primary antibody. 

Results are shown in Table 6. Treatment with mdm2 
antisense oligonucleotide results in the induction of p53 
levels. An approximately three-fold increase in activity 
was seen under these conditions. 
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TABLE 6 

Activity of ISIS 16518 on p53 Protein Levels 



ISIS 


SEQ ID 


GENE 


% protein 


No: 


NO: 


TARGET 


EXPRESSION 






REGION 




LIPOFECTIN™ only 






100% 


16518 


15 


coding 


289% 



EXAMPLE 7: Effect of ISIS 16518 on Expression of p53 
Mediated Genes 

p53 is known to regulate the expression of a number 
of genes and to be involved in apoptosis. Representative 
genes known to be regulated by p53 include p21 (Deng, C, 
et al., Cell, 1995, 82, 675), bax (Selvakumaran, M. , et 
al., Oncogene, 1994, 9, 1791-1798) and GADD45 (Carrier, F . , 
et al., J. Biol. Chem., 1994, 269, 32672-32677) . The 
effect of an mdm2 antisense oligonucleotide on these genes 
is investigated by RPA analysis using the RIBOQUANT™ RPA 
kit, according to the manufacturer's instructions 
(Pharmingen, San Diego, CA) , along with the hSTRESS-1 
multi-probe template set. Included in this template set 
are bclx, p53, GADD45, c-fos, p21, bax, bcl2 and mcll. The 
effect of mdm2 antisense oligonucleotides on p53 -mediated 
apoptosis can readily be assessed using commercial kits 
based on apoptotic markers such as DNA fragmentation or 
caspase activity. 
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EXAMPLE 8: Additional Human mdm2 Chimeric (deoxy gapped) 
Antisense Oligonucleotides 

Additional oligonucleotides targeted to the 5'- 
untranslated region of human mdm2 mRNA were designed and 
5 synthesized. Sequence data are from the cDNA sequence 

published by Zauberman, A., et al . , Nucleic Acids Res., 23, 
2584 (1995); Genbank accession number HSU28935. 
Oligonucleotides were synthesized primarily as chimeric 
oligonucleotides having a centered deoxy gap of eight 
10 nucleotides flanked by 2 ' - 0 -me thoxy ethyl regions. The 
oligonucleotide sequences are shown in Table 7. These 
oligonucleotides were tested in A549 cells as described in 
Example 2. Results are shown in Table 8. 



TABLE 7 

Nucleotide Sequences of additional Human mdm2 
Chimeric (deoxy gapped) Phosphorothioate Oligonucleotides 



ISIS 
NO. 


NUCLEOTIDE SEQUENCE 1 
(5> -> 3') 


SEQ 
ID 
NO: 


TARGET GENE 
NUCLEOTIDE 
CO-ORDINATES 2 


GENE 
TARGET 
REGION 


21926 


CTACCCTCCAATCGCCACTG 


28 


0238-0257 


coding 


21927 


GGTCTACCCTCCAATCGCCA 


29 


0241-0260 


coding 


21928 


CGTGCCCACAGGTCTACCCT 


30 


0251-0270 


coding 


21929 


AAGTGGCGTGCGTCCGTGCC 


31 


0265-0284 


coding 


21930 


AAAGTGGCGTGCGTCCGTGC 


32 


0266-0285 


coding 
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1 Emboldened residues, 2 1 -methoxyethoxy- residues (others 
are 2'-deoxy-) ; all 2 1 -methoxyethoxy-cytosine and 2 ' -deoxy- 
cytosine residues, 5- methyl -cyto sines ; all linkages are 
phosphorothioate linkages. 2 Co-ordinates from Genbank 
Accession No. U28935, locus name "HSU28935", SEQ ID NO: 2. 



TABLE 8 

Activities of Chimeric (deoxy gapped) Oligonucleotides 
Targeted to Human mdm2 



ISIS 
No: 


SEQ 
ID 
NO: 


GENE TARGET 
REGION 


% mRNA 
EXPRESSION 


% mRNA 
INHIBITION 


LIPOFECTIN T 
M only 






100% 


0% 


21926 


28 


coding 


345% 




21927 


29 


coding 


500% 




21928 


30 


coding 


417% 




21929 


31 


coding 


61% 


39% 


21930 


32 


coding 


69% 


31% 



These oligonucleotide sequences were also tested for 
their ability to reduce mdm2 protein levels. JEG3 cells 
were cultured and treated as described in Example 2, except 
that 3 00 nM oligonucleotide and 9 ug/mL of LIPOFECTIN™ was 
used. Mdm2 protein levels were assayed by Western blotting 
as described in Example 6, except a mouse anti-mdm2 
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monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, 
CA) was used. Results are shown in Table 9. 



TABLE 9 

Activities of Chimeric (deoxy gapped) Human mdm2 Antisense 
Oligonucleotides on mdm2 Protein Levels 



ISIS 
No: 


SEQ 
ID 
NO: 


GENE 
TARGET 
REGION 


% PROTEIN 
EXPRESSION 


% PROTEIN 
INHIBITION 


LIPOFECTIN™ only 






100% 


0% 


21926 


28 


coding 


30% 


70% 


21927 


29 


coding 


18% 


82% 


21928 


30 


coding 


43% 


57% 


21929 


31 


coding 


62% 


38% 


21930 


32 


coding 


56% 


44% 



Each oligonucleotide tested reduced mdm2 protein 
levels by greater than approximately 40%. Maximum 
inhibition was seen with oligonucleotide 21927 (SEQ ID NO. 
29) which gave greater than 80% inhibition of mdm2 protein. 

EXAMPLE 9: Additional Human mdm2 Antisense Oligonucleotides 

Additional oligonucleotides targeted to human mdm2 
mRNA were designed and synthesized. Sequence data are from 
the cDNA sequence published by Zauberman, A., et al . , 
Nucleic Acids Res., 23, 2584 (1995); Genbank accession 
number HSU28935. Oligonucleotides were synthesized in 96 
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well plate format via solid phase P(III) phosphoramidite 
chemistry on an automated synthesizer capable of assembling 
96 sequences simultaneously in a standard 96 well format. 
Phosphodiester internucleot ide linkages were afforded by 
oxidation with aqueous iodine. Phosphorothioate 
internucleotide linkages were generated by sulf urization 
utilizing 3,H-1,2 benzodithiole-3 -one 1,1 dioxide (Beaucage 
Reagent) in anhydrous acetonitrile . Standard 
base -protected beta-cyanoethyl-di-isopropyl 
phosphoramidites were purchased from commercial vendors 
(e.g. PE-Applied Biosystems, Foster City, CA, or Pharmacia, 
Piscataway, NJ) . Non-standard nucleosides are synthesized 
as per published methods. They are utilized as base 
protected beta-cyanoethyldiisopropyl phosphoramidites. 

Oligonucleotides were cleaved from support and 
deprotected with concentrated NH 4 OH at elevated temperature 
(55-60°C) for 12-16 hours and the released product then 
dried in vacuo. The dried product was then re -suspended in 
sterile water to afford a master plate from which all 
analytical and test plate samples are then diluted 
utilizing robotic pipettors . 

Two sets of oligonucleotides were synthesized; one as 
phosphorothioate oligodeoxynucleot ides , the other as 
chimeric oligonucleotides having a centered deoxy gap of 
ten nucleotides flanked by regions of five 2 ' -O- 
methoxyethyl nucleotides. These oligonucleotides sequences 
are shown in Tables 10 and 11. 

mRNA was isolated using the RNAEASY™ kit (Qiagen, 
Santa Clarita, CA) . 
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TABLE 10: 
Nucleotide Sequences of Human mdm2 
Phosphorothioate Oligodeoxynucleotides 



ISIS 
NO. 


NUCLEOTIDE SEQUENCE 1 
(5" -> 3') 


SEQ 
ID 
NO: 


TARGET GENE 
NUCLEOTIDE 
CO-ORDINATES 2 


GENE 
TARGET 
REGION 


31393 


CAGCCAAGCTCGCGCGGTGC 


3 


0001-0020 


5 ' UTR 


31712 


AAGCAGCCAAGCTCGCGCGG 


33 


0004-0023 


5 ' UTR 


31552 


CAGGCCCCAGAAGCAGCCAA 


34 


0014-0033 


5 1 UTR 


31713 


GCCACACAGGCCCCAGAAGC 


35 


0020-0039 


5 1 UTR 


31394 


ACACACAGGGCCACACAGGC 


36 


0029-0048 


5 ' UTR 


31714 


TTCCGACACACAGGGCCACA 


37 


0034-0053 


5 ' UTR 




GCTCCATCTTTCCGACACAC 


38 


0043-0062 


5 ' UTR 


31715 


GCTTCTTGCTCCATCTTTCC 


39 


0050-0069 


5 ' UTR 


31395 


CCCTCGGGCTCGGCTTCTTG 


40 


0062-0081 


5' UTR 


31716 


GCGGCCGCCCCTCGGGCTCG 


41 


0070-0089 


5 1 UTR 


31554 


AAGCAGCAGGATCTCGGTCA 


42 


0098-0107 


5' UTR 


31717 


GCTGCGAAAGCAGCAGGATC 


43 


0105-0124 


5 ' UTR 


31396 


TGCTCCTGGCTGCGAAAGCA 


44 


0113-0132 


5 1 UTR 


31718 


GGGACGGTGCTCCTGGCTGC 


45 


0120-0139 


5' UTR 



ISPH-0622 



-70- 



PATENT 



31555 


ACTGGGCGCTCGTACGCACT 






5 ' UTR 


31719 


GPpagoopaptp-p-p-pp-ptpp 

vjtv- v— _ri.v_7Vjjvjrv— .rlv_, x vjjooV_<^_rv_ X v_vjt 




Olbts - 01 / / 


5 1 -UTR 


31397 


TCTCCGGGCCAGGGCACTGG 




ni /re nio/i 


5 1 UTR 


31720 


TCATTCCACTCTCCGGGCCA 




01 /4 - 0193 


5 1 UTR 


31556 


pp. a a ac a pp a hczcccth p p p 

ovj.ri_ri.vj^.rl^v_T.r_v_v_TV_.v_,V_, X (sjO'LjL- 




0202-0221 


5 1 UTR 


31721 


TAPTPPPPa apnspnnpppri 

Xri.^ X Vj^l^LjrLrilj^.rll^(_7rll— oL-v„ 




0208-0227 


5 ' UTR 


313 98 


PPPZ-.PT'PZv.P'T'A P r rr~ l r , rT'a z\ r 1 

ooo^iU X V_r.ri.V_, X.ri.L- X k_rv_-^l^.r_-f_.l_r 




0217-0236 


5 ' UTR 


31722 


± \~.ri-ri.v_r.r-.v_. X t_ V_ t__-_v_r X X iLLl 




0242 - 02 61 


5 1 UTR 


31557 


PPTrSPTPPTPSPPJITPPPPP 

V— X V_T^_. X V_-V_, X V_^ri.V_, V_«ri.X V_-V_ VJVjLj 




0289-0308 


5 ' UTR 


313 99 


-L -L X V_rl_-V_ X *_J<__ X X V_.r-.V_v__-_. X V_ 




0293-0312 


AUG 


314 0 0 


ATTTPPPTfiPTPPTPlPPlT 




0294-0313 


AUG 


31401 


PATTTRPPTf^PTPPTPiPPA 
nl X X u*wU X V_tv_ X LL X v_.£-lv_L.i-i 




0295-0314 


AUG 


314 02 


SPJTTTPPPTPPTPPTPS rr< 
.r-.v_.ri.X X X v_rv_L_- X vj^ ILLl v_~rVv_.v_, 




0296-0315 


AUG 


31403 


PAP ATTTPPPTPPTPPTP A P 
v— ri.V-.f-i XXX v_jv_v_ X V_rV_- X V_-L- X V__-_.v_- 




02 97-0316 


AUG 


314 04 


RPSPiTTTPPPTPPTPPTPA 
orVwri.v_.rlX X X v_rv_v_ X bL ILLl v_.rY 


59 


0298-0317 


AUG 


31405 


TGCACATTTGCCTGCTCCTC 


60 


0299-0318 




31406 


TTGCACATTTGCCTGCTCCT 


61 


0300-0319 


AUG 


31407 


ATTGCACATTTGCCTGCTCC 


62 


0301-0320 


AUG 


31408 


TATTGCACATTTGCCTGCTC 


63 


0302-0321 


AUG 


31409 


GTATTGCACATTTGCCTGCT 


10 


0303-0322 


AUG 
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31410 


GGTATTGCACATTTGCCTGC 


64 


0304-0323 


AUG 


31411 


TGGTATTGCACATTTGCCTG 


65 


0305-0324 


AUG 


31412 


TTGGTATTGCACATTTGCCT 


66 


0306-0325 


AUG 


31413 


GTTGGTATTGCACATTTGCC 


67 


0307-0326 


AUG 


31414 


TGTTGGTATTGCACATTTGC 


68 


0308-0327 


AUG 


31415 


ATGTTGGTATTGCACATTTG 


69 


0309-0328 


AUG 


31416 


CATGTTGGTATTGCACATTT 


70 


0310-0329 


AUG 


31417 


ACATGTTGGTATTGCACATT 


71 


0311-0330 


AUG 


31418 


GACATGTTGGTATTGCACAT 


72 


0312-0331 


AUG 


31419 


AGACATGTTGGTATTGCACA 


73 


0313-0332 


AUG 


31420 


CAGACATGTTGGTATTGCAC 


74 


0314-0333 


AUG 


31558 


CAGTAGGTACAGACATGTTG 


75 


0323-0342 


coding 


31723 


TACAGCACCATCAGTAGGTA 


76 


0334-0353 


coding 


31421 


GGAATCTGTGAGGTGGTTAC 


77 


0351-0370 


coding 


31559 


TTCCGAAGCTGGAATCTGTG 


78 


0361-0380 


coding 


31724 


AGGGTCTCTTGTTCCGAAGC 


79 


0372-0391 


coding 


31422 


GCTTTGGTCTAACCAGGGTC 


80 


0386-0405 


coding 


31560 


GCAATGGCTTTGGTCTAACC 


81 


0392-0411 


coding 


31725 


TAACTTCAAAAGCAATGGCT 


82 


0403-0422 


coding 













ISPH-0622 _72- 



31423 


GTGCACCAACAGACTTTAAT 


83 


C\AOO - DA A 1 
U1 A Z U~i4 _L 


coding 


31561 


ACCTCTTTCATAGTATAAGT 


84 


U*± D u - o y 


coding 


31726 


ATAATATACTGGCCAAGATA 


8 5 


C\AT1 — C\A OC 


coding 


31424 


TAAT C GT TTAGT CATAATAT 


8 6 


U4 y u - ub u y 


coding 


31727 


ATCATATAATCGTTTAGTCA 


8 7 


U4 y b - U b_Lb 


coding 


31562 


GCTTCTCATCATATAATCGT 


88 


UbU J - Ub22 


coding 


31728 


CAATATGTTGTTGCTTCTCA 




Ublb- Ub34 


coding 


31425 


GAACAATATACAATATGTTG 




Ubz b - Ub44 


coding 


31729 


TCATTTGAACAATATACAAT 




UoJl-UbbU 


coding 


31563 


TAGAAGATCATTTGAACAAT 




Ujj o-Ubb / 


coding 


31730 


AACAAATC TC C TAGAAGATC 




0549 - 05 68 


coding 


31426 


TGGCACGC CAAACAAATCTC 




0559-0578 


coding 


31731 


AGAAGCTTGGCACGCCAAAC 




Uooo-Ubob 


coding 


31564 


CTTTCACAGAGAAGCTTGGC 




0575- 0594 


coding 


31732 


TTTTCCTGTGCTCTTTCACA 




0587 - 0606 


coding 


31427 


TATATATTTTCCTGTGCTCT 


98 


0593-0612 


coding 


31733 


ATCATGGTATATATTTTCCT 


99 


0600-0619 


coding 


31565 


TTCCTGTAGATCATGGTATA 


100 


0609-0628 


coding 


31734 


TACTACCAAGTTCCTGTAGA 


101 


0619-0638 


coding 


31428 


TTCCTGCTGATTGACTACTA 


102 


0634-0653 


coding 



ISPH-0622 



-73- 



PATENT 



31566 


TGAGTCCGATGATTCCTGCT 


103 


0646-0665 


coding 


31735 


CAGATGTACCTGAGTCCGAT 


104 


0656-0675 


coding 


31429 


CTGTTCTCACTCACAGATGT 


105 


0669-0688 


coding 


31567 


TTCAAGGTGACACCTGTTCT 


106 


0682-0701 


coding 


31736 


ACTCCCACCTT CAAGGTGAC 


107 


0691-0710 


coding 


31430 


GGTCCTTTTGATCACTCCCA 


108 


0 7 04-0 72 3 


coding 


31568 


AAGCTCTTGTACAAGGTCCT 


109 


0718-0737 


coding 


31737 


CTCTTCCTGAAGCTCTTGTA 


110 


0 no 7 _ n n a p. 


coding 


31431 


AAGATGAAGGTTTCTCTTCC 




u / *± u - u / o» 


coding 


31569 


AAACCAAATGTGAAGATGAA 


112 


rin ro - nnm 


coding 


31738 


ATGGTC T AGAAAC CAAATGT 


113 


0761 - 07ftn 

v/ / O _L U / OU 


coding 


31432 


CTAGATGAGGTAGATGGTCT 


114 


0 774 - D 7 


coding 


31570 


AATTGCTCTCCTTCTAGATG 


115 


0787-0806 


coding 


31739 


TCTGTCTCACTAATTGCTCT 


116 




coding 


31433 


TCTGAATTTTCTTCTGTCTC 


117 


0810-0829 


coding 


31571 


CACCAGATAATTCATCTGAA 


118 


0824-0843 


coding 


31740 


TTTGTCGTTCACCAGATAAT 


119 


0833-0852 


coding 


31434 


GTGGCGTTTTCTTTGTCGTT 


120 


0844-0863 


coding 


31572 


TACTATCAGATTTGTGGCGT 


121 


0857-0876 


coding 



ISPH-0622 



-74- 



PATENT 



31741 


GAAAGGGAAATACTATCAGA 


122 


UOD / UOOO 


coding 


31435 


GCTTTCATCAAAGGAAAGGG 


123 


riRftri-nHQQ 

UOOU UO J J 


coding 


31573 


TACACACAGAGC CAGGCTTT 


124 


nflQR-flQ1 A 


coding 


31742 


CTCCCTTATTACACACAGAG 


125 


ujui u j£ j 


coding 


31436 


TCACAACATATCTCCCTTAT 


126 




coding 


31574 


CTACTGCTTCTTTCACAACA 


127 


noon n q/i a 
u y z / - u y4 b 


coding 


31743 


GATTCACTGCTACTGCTTCT 






coding 


31437 


TGGCGTCCCTGTAGATTCAC 




u y4 y - u y 6 8 


coding 


31575 


AAGATCCGGATTCGATGGCG 




H Q £T /f nooo 

uy©4 - uyyj 


coding 


31744 


CAGCATCAAGATCCGGATTC 




u y / ± - u y y u 


coding 


31438 


GTTCACTTACACCAGCATCA 




0983-1 0 02 


coding 


31576 


CAATCACCTGAATGTTCACT 




noQic i ai c 
uyyb-ioib 


coding 


31745 


CTGATCCAACCAATCACCTG 




i n n £T inoc 
-LUUb- xUZb 


coding 


31439 


GAAACTGAATCCTGATCCAA 




1U1 / - 1 0 3 6 


coding 


31746 


TGATCTGAAACTGAATCCTG 




1023 -1042 


coding 


31577 


CTACACTAAACTGATC TGAA 


137 


1034-1053 


coding 


31747 


CAACTTCAAATTCTACACTA 


138 


1046-1065 


coding 


31440 


AGATTCAACTTCAAATTCTA 


139 


1051-1070 


coding 


31748 


GAGTCGAGAGATTCAACTTC 


140 


1059-1078 


coding 


31578 


TAATCTTCTGAGTCGAGAGA 


141 


1068-1087 


coding 



ISPH-0622 



-75- 



PATENT 



31749 


CTAAGGCTATAATCTTCTGA 


142 


i n r 7 , 7_i nQ^c 

-LU / / lUjD 


coding 


31441 


T T C T T C AC TAAGG C TAT AAT 


143 




coding 


31750 


TCTTGTCCTTCTTCACTAAG 




i noo mi 

1U J/i -L 1 1 1 


coding 


31579 


CTGAGAGTTCTTGTCCTTCT 




linn iiiq 


coding 


31751 


TTCATCTGAGAGTTCTTGTC 




line iio/i 


coding 


31442 


CCTCATCATCTTCATCTGAG 






coding 


31752 


C T T GATATAC C T CAT CAT C T 




1 1 O A 11/1*3 


coding 


31753 


ATACACAGTAACTTGATATA 




lioc i i n: a 
llob- 1 lb4 


coding 


31443 


CTCTCCCCTGCCTGATACAC 




1149-1168 


coding 


31580 


d A A TPTP/T A TP A PTPTPP P P 




1161-1180 


coding 


31754 


T C T T C AAATGAAT C T GT AT C 




1170-1189 


coding 


31444 


AAATTTCAGGATCTTCTTCA 




1 1 Q A i o m 


coding 


31581 


AGTCAGC T AAGGAAAT T T CA 




1 1 Q £T lOIC 

iiyo- ±2 ib 


coding 


31755 


G C AT T T C C AATAG T CAG CTA 




12 0 7-1226 


coding 


31445 


CATTGCATGAAGTGCATTTC 


156 


1220-1239 


coding 


31756 


TCATTTCATTGCATGAAGTG 


157 


1226-1245 


coding 


31582 


CATCTGTTGCAATGTGATGG 


158 


1257-1276 


coding 


31757 


GAAGGGCCCAACATCTGTTG 


159 


1268-1287 


coding 


31446 


TTCTCACGAAGGGCCCAACA 


160 


1275-1294 


coding 



ISPH-0622 



-76- 



PATENT 



31758 


GAAGC CAATT C T CACGAAGG 


161 


1 9 R "3 _ 1 "5 n O 


coding 


31583 


TATCTTCAGGAAGCCAATTC 


162 


1292—1311 


coding 


31759 


CTTTCCCTTTATCTTCAGGA 


163 




coding 


31447 


TCCCCTTTATCTTTCCCTTT 






coding 


31584 


CTTTCTCAGAGATTTCCCCT 




Tone: -\ *s a a 


coding 


31760 


CAGTTTGGCTTTCTCAGAGA 




13 3 3 - 13 52 


coding 


31448 


GTGTTGAGTTTTCCAGTTTG 




1346-1365 


coding 


31585 


CCTCTTCAGCTTGTGTTGAG 




1358-1377 


coding 


31761 






13 68-1787 


coding 


31449 


GAATCATTCACTATAGTTTT 




1401-142 0 


coding 


31586 


ATGACTCTCTGGAATCATTC 




1412-1431 


coding 


31762 


CCTCAACACATGACTCTCTG 




1421-1440 


coding 


31450 


TTATCATCATTTTCCTCAAC 




14.34-145 j 


coding 


31763 


TAATTTTATCATCATTTTCC 




1439-1458 


coding 


31587 


GAAGCTTGTGTAATTTTATC 


175 


1449-1468 


coding 


31764 


TGATTGTGAAGCTTGTGTAA 


176 


1456-1475 


coding 


31451 


CACTTTCTTGTGATTGTGAA 


177 


1466-1485 


coding 


31588 


GCTGAGAATAGTCTTCACTT 


178 


1481-1500 


coding 


31765 


AGTTGATGGCTGAGAATAGT 


179 


1489-1508 


coding 


31452 


TGCTACTAGAAGTTGATGGC 


180 


1499-1518 


coding 



ISPH-0622 



-77- 



PATENT 



31766 


TAAATAATGCTACTAGAAGT 




-LDUO-lOZO 


coding 


31589 


CTTGGCTGCTATAAATAATG 






coding 


31590 


ATCTTCTTGGCTGCTATAAA 




IDZ^ - XD^t 1 


coding 


31453 


X ^_ X X X ^~rt.v_,.f-l X *^ X X O X XO 




1533 -1552 


coding 


31767 


CfPTTTP A A A fTPTTTP Bfl 




lo4 1 - 156 U 


coding 


31591 


vjtVj^X X X ^ X X V„^^ 111 




1550-1569 


coding 


31768 


T P T T T P. T P TT P P P T T T P T"T P 


187 


156U-1579 


coding 


3 14 54 


fTf'Tr'TTPTTTr'TPTTPr'PT 
X O X 1 1L1 ± IblL J. 1 Crolj 1 


18 8 


1566-1585 


coding 


31592 


A A fPJPJ TTPP A PA PTPTPT 


189 


1580-1599 


coding 


31769 


pa a. ar ir p r rr*7s. a tppp a r n r p a a r* 


190 


1605-1624 


coding 


3 1455 


TflAPA A ATPAPAPA APPTTP 




1617-1636 


coding 


31593 


TPPA PPTTP APAAATPA/^A/"- 1 




1624-1643 


coding 




7\ mpipi A PA A TPP A A P/~< A rpmrpm 


193 


1648-1667 


coding 




TPTTTTPPP A TfnTvr 1 ^ a Trifi 
J-ulll lLj(_(_All^rljA(„/iAl(jU 


194 


1657-1676 


coding 


31456 


TAAGATGTCCTGTTTTGCCA 


195 


1667-1686 


coding 


31595 


GCAGGCCATAAGATGTCCTG 


196 


1675-1694 


coding 


31596 


ACATGTAAAGCAGGC CATAA 


197 


1684-1703 


coding 


31771 


CTTTGCACATGTAAAGCAGG 


198 


1690-1709 


coding 


31457 


TTTCTTTAGCTTCTTTGCAC 


199 


1702-1721 


coding 



ISPH-0622 



-78- 



PATENT 



31597 


TTATTCCTTTTCTTTAGCTT 


200 


1710-1729 


coding 


31598 


TGGGCAGGGCTTATTCCTTT 


201 


1720-1739 


coding 


31772 


ACATACTGGGCAGGGCTTAT 


202 


1726-1745 


coding 


31458 


TTGGTTGTCTACATACTGGG 


203 


1736-1755 


coding 


31599 


TCATTTGAATTGGTTGTCTA 


204 


1745-1764 


coding 


31600 


AAGTTAGCACAATCATTTGA 


205 


1757-1776 


coding 


31601 


TCTCTTATAGACAGGTCAAC 


206 


1787-1806 


STOP 


31459 


AAATATATAATTCTCTTATA 


207 


1798-1817 


3 ' UTR 


31602 


AGTTAGAAATATATAATTCT 


208 


1804-1823 


3 1 UTR 


31773 


ATATAGTTAGAAATATATAA 


209 


1808-1827 


3 ' UTR 


31603 


CTAGGGTTATATAGTTAGAA 


210 


1816-1835 


3 * UTR 


31774 


TAAATTCCTAGGGTTATATA 


211 


1823-1842 


3 ' UTR 


31460 


CAGGTTGTCTAAATTCCTAG 


212 


1832-1851 


3 ' UTR 


31604 


ATAAATTTCAGGTTGTCTAA 


213 


1840-1859 


3 ' UTR 


31605 


ATATATGTGAATAAATTTCA 


214 


1850-1869 


3 ' UTR 


31606 


CTTTGATATATGTGAATAAA 


215 


1855-1874 


3' UTR 


31461 


CATTTTCTCACTTTGATATA 


216 


1865-1884 


3' UTR 


31607 


ATTGAGGCATTTTCTCACTT 


217 


1872-1891 


3 ' UTR 


31608 


AATCTATGTGAATTGAGGCA 


218 


1883-1902 


3 ' UTR 


31609 


AGAAGAAATCTATGTGAATT 


219 


1889-1908 


3' UTR 



ISPH-0622 



-79- 



PATENT 



31462 


ATACTAAAGAGAAGAAATCT 


220 


1 qqq.i q-| 7 




31610 


GTCAATTATACTAAAGAGAA 


221 


1 one; i qt/ 


3 ' UTR 


31775 


TAGGTCAATTATACTAAAGA 


222 


±y u o - _L y z i 


3 ' UTR 


31611 


CAAAGTAGGTCAATTATACT 




1913-1932 


3 1 UTR 


31776 


C CACTAC CAAAGT AGGT CAA 






3 1 UTR 


31463 


AGTATTCACTATTCCACTAC 




1933-19 52 


3 1 UTR 


31612 


TATAGTAAGTAT T C AC TATT 




1 n^n 1 Q c o 




31613 


AGT C AAAT TATAGTAAGTAT 




i y4 o-iyo / 


3 1 UTR 


31777 


flTiTTfa a n r rr , a a a ttats 

J. .rt. _L J. ^~f-ii-il^T 1 _L X.£i.J_.H. 




1956-1975 


3 1 UTR 


31464 






1969-1988 


3 1 UTR 


31778 


GTGTAAAGGATGAGCTACAT 




1973 -1992 


3 1 UTR 


31614 


TAGGAGTTGGTGTAAAGGAT 




1982-2001 


3 1 UTR 


31779 


TTTAAAATTAGGAGTTGGTG 




1990-2009 


3 1 UTR 


31615 


GAAATTATTTAAAATTAGGA 




1997-2 016 


3 ' UTR 


31465 


CAGAGTAGAAATTATTTAAA 


234 


2004-2023 


3 ' UTR 


31616 


CTCATTTAAGACAGAGTAGA 


235 


2015-2034 


3 ' UTR 


31780 


TACTTCTCATTTAAGACAGA 


236 


2020-2039 


3 ' UTR 


31617 


CATATACATATTTAAGAAAA 


237 


2051-2070 


3 ' UTR 


31466 


TTAAATGTCATATACATATT 


238 


2059-2078 


3 1 UTR 



ISPH-0622 



-80- 



PATENT 



31618 


TAATAAGTTACATTTAAATG 


2 3 9 


OHIO TAOI 


3 ' UTR 


31619 


GTAACAGAGCAAGACTCGGT 




Z iU J Z ±Z Z 




31467 


CAGCCTGGGTAACAGAGC7AA 








31781 


CACTCCAGCCTGGGTAACAG 




2116—2135 




31620 


CCCACTGCACTCCAGCCTGG 




ZlZJ-ZJ.'iZ 




31782 


GCCAAGATCACCCACTGCAC 




ZXJJ -ZXDZ 




31621 


GCAGTGAGCCAAGATCAC C C 




zX4u-ziby 


3 ' UTR 


31468 


GAGCTTGCAGTGAGCCAAGA 




zx^to-Z±b3 


3 1 UTR 


31783 


GAGGGCAGAGCTTGCAGTGA 




zxoJ-zJ. /z 


3 1 UTR 


31622 


CAGGAGAATGGTGCGAACCC 




zl /b-ziyb 


3 1 UTR 


31623 


AGGC TGAGGCAGGAGAATGG 




oi or 

Z±OD-ZZU4 


3 ' UTR 


31784 


ATTGGGAGGCTGAGGCAGGA 




ziy±-zz j_u 


3 ' UTR 


31469 


CAAGCTAATTGGGAGGCTGA 




ziyo-zzi / 


3 1 UTR 


31624 


AGGCCAAGCTAATTGGGAGG 




zZ Uz^ -zzzl 


3 ' UTR 


31785 


ATGACTGTAGGCCAAGCT7AA 




2210-2229 


3 ' UTR 


31625 


CAGATGACTGTAGGCCAAGC 


254 


2213-2232 


3 1 UTR 


31786 


GGTGGCAGATGACTGTAGGC 


255 


2218-2237 


3 ' UTR 


31626 


AGGTGTGGTGGCAGATGACT 


21 


2224-2243 


3 1 UTR 


31470 


AATTAGCCAGGTGTGGTGGC 


256 


2232-2251 


3 1 UTR 


31627 


GT C T C TAC TAAAAGTAC/AAA 


257 


2253-2272 


3 ' UTR 



ISPH-0622 



-81- 



PATENT 



31628 


CGGTGAAACCCTGTCTCTAC 






3 ' UTR 


31787 


TGGCTAACACGGTGAAACC C 




O O 1 A O *"} Q O 
A A 1 - A A^j 6 


3 ' UTR 


31471 


AGACCATCCTGGCTAACACG 




2283-2302 


3 1 UTR 


31788 


GAGAT C GAGAC CAT C C T GG C 






3 1 UTR 


31629 


GAGGTCAGGAGATCGAGACC 




2298-2317 


3 1 UTR 


31789 


GCGGATCACGAGGTCAGGAG 




z 3 U 1 -Z32b 


3 ' UTR 


31472 


AGGCCGAGGTGGGCGGATCA 


264 


2319-2338 


3 1 UTR 


31790 


TTTGGGAGGCCGAGGTGGGC 


265 


2325-2344 


3 ' UTR 


31630 


TCCCAGCACTTTGGGAGGCC 


266 


2334-2353 


3 ' UTR 


31791 


CCTGTAATCCCAGCACTTTG 


267 


2341-2360 


3 1 UTR 


31631 


GTGGCTCATGCCTGTAATCC 


268 


2351-2370 


3 1 UTR 



1 All deoxy cytosines residues are 5-methyl-cytosines; all 
linkages are phosphorothioate linkages. 



2 Co-ordinates from Genbank Accession No. Z12 02 0, locus name 
"HSP53ASSG" , SEQ ID NO : 1. 



TABLE 11: 
Nucleotide Sequences of Human mdm2 
Chimeric (deoxy gapped) Oligonucleotides 







SEQ 


TARGET GENE 


GENE 


ISIS 


NUCLEOTIDE SEQUENCE 1 


ID 


NUCLEOTIDE 


TARGET 



ISPH-0622 



-82- 



PATENT 



NO. 


(5' -> 3') 


NO: 


CO-ORDINATES 2 


REGION 


31393 


CAGCC7AAGCTCGCGCGGTGC 




UUUl-UUzU 


5 1 UTR 


31712 


AAGCAGCCAAGCTCGCGCGG 




0004-0023 


5 ' UTR 


31552 


CAGGCCCCAGAAGCAGCCAA 




0014 - 0033 


5 ' UTR 


31713 


GCCACACAGGCCCCAGAAGC 




0 02 0 - 0 03 9 


5 1 UTR 


3 13 94 




3 6 


0 02 9 - 0 04 8 


5 ' UTR 


31714 


tt cca a c a c a c a nnrjrc a n a 




0 034 - 0 053 


5 1 UTR 


31553 






0043 -0062 


5 1 UTR 


31715 


GCTTCTTGCTCCATCTTTCC 




0050-0069 


5 1 UTR 


31395 


CCCTCGGGCTCGGCTTCTTG 




0062 - 0 08 1 


5 ' UTR 


31716 


GCGGCCGCCCCTCGGGCTCG 




0070-0089 


5 ' UTR 


31554 




42 


0098-0107 


5 1 UTR 


31717 


GCTGCGAAAGCAGCAGGATC 




0105- 0124 


5 ' UTR 


313 96 


TGCTCCTGGCTGCGAAAGCA 




0 1 13 - 0132 


5 ' UTR 


31718 




4 5 


0120-0139 


5 ' UTR 


31555 


ACTGGGCGCTCGTACGCACT 


46 


0150-0169 


5' UTR 


31719 


GCCAGGGCACTGGGCGCTCG 


47 


0158-0177 


5' UTR 


31397 


TCTCCGGGCCAGGGCACTGG 


48 


0165-0184 


5' UTR 


31720 


TCATTCCACTCTCCGGGC C A 


49 


0174-0193 


5 1 UTR 


31556 


GGAAGCACGACGCCCTGGGC 


50 


0202-0221 


5' UTR 



ISPH-0622 



-83- 



PATENT 



31721 


TACTGCGGAAGCACGACGCC 


51 


0208-0227 




31398 


GGGACTGACTACTGCGGAAG 


52 


0 9 1 T-no^s 




31722 


TCAAGACTCCCCAGTTTCCT 


53 


n?4?-n9fii 

U ^ *i Z UZOl 




31557 


CCTGCTCCTCACCATCCGGG 


54 


0289-0308 




31399 


TTTGCCTGCTCCTCACCATC 


55 






31400 


ATTTGCCTGCTCCTCACCAT 


56 


D9 Q4 - n 1 1 


AUG 


31401 


CATTTGCCTGCTCCTCACCA 


9 


U Z -7 D V J J_*J 




31402 


ACATTTGCCTGCTCCTCACC 


57 


UZ.30 U.3J_0 


AUG 


31403 


CACATTTGCCTGCTCCTCAC 


58 


UZ -7 / UJ1D 


AUG 


31404 


GCACATTTGCCTGCTCCTCA 




D 9 Q Q ni 1 1 


AUG 


31405 


TGCACATTTGCCTGCTCCTC 


60 


uzyy-Ujio 


AUG 


31406 


TTGCACATTTGCCTGCTCCT 






AUG 


31407 


ATTGCACATTTGCCTGCTCC 


62 




AUG 


31408 


TATTGCACATTTGCCTGCTC 




mn9 


AUG 


31409 


GTATTGCACATTTGCCTGCT 




0303-0322 


AUG 


31410 


GGT AT TG C ACAT TTGCCTGC 


64 


0304-0323 


AUG 


31411 


TGGTATTGCACATTTGCCTG 


65 


0305-0324 


AUG 


31412 


TTGGTATTGCACATTTGCCT 


66 


0306-0325 


AUG 


31413 


GTTGGTATTGCACATTTGCC 


67 


0307-0326 


AUG 


31414 


TGTTGGTATTGCACATTTGC 


68 


0308-0327 


AUG 



ISPH-0622 



-84- 



PATENT 



31415 


ATGTTGGTATTGCACATTTG 


69 


0309-0328 


AUG 


31416 


CATGTTGGTATTGCACATTT 


70 


0310-0329 


AUG 


31417 


ACATGTTGGTATTGCACATT 


71 


0311-0330 


AUG 


31418 


GACATGTTGGTATTGCACAT 


72 


0312-0331 


AUG 


31419 


AGACATGTTGGTATTGCACA 


73 


0313-0332 


AUG 


31420 


CAGACATGTTGGTATTGCAC 


74 


0314-0333 


AUG 


31558 


CAGTAGGTACAGACATGTTG 


75 


0323-0342 


coding 


31723 


T AC AGCAC CAT CAGTAGGTA 


76 


0334-0353 


coding 


31421 


GGAATCTGTGAGGTGGTTAC 


77 


0351-0370 


coding 


31559 


TTCCGAAGCTGGAATCTGTG 


78 


0361-0380 


coding 


31724 


AGGGTCTCTTGTTCCGAAGC 


79 


0372-0391 


coding 


31422 


GCTTTGGTCTAACCAGGGTC 


80 


0386-0405 


coding 


31560 


GCAATGGCTTTGGTCTAACC 


81 


0392-0411 


coding 


31725 


TAACTTCAAAAGCAATGGCT 


82 


0403-0422 


coding 


31423 


GTGCACCAACAGACTTTAAT 


83 


0422 - 0441 


coding 


31561 


ACCTCTTTCATAGTATAAGT 


84 


0450-0469 


coding 


31726 


ATAATATACTGGCCAAGATA 


85 


0477-0496 


coding 


31424 


TAATCGTTTAGTCATAATAT 


86 


0490-0509 


coding 


31727 


ATCATATAATCGTTTAGTCA 


87 


0496-0515 


coding 
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31562 


GCTTCTCATCATATAATCGT 




ncm neon 


coding 


31728 


CAATATGTTGTTGCTTCTCA 




Uolo - Ur>34 


coding 


31425 


GAACAATATACAATATGTTG 




ncoc nc/i/i 
Vdzd - Ud44 


coding 


31729 


TCATTTGAACAATATACAAT 




UdjX-Uoou 


coding 


31563 


TAGAAGATCATTTGAACAAT 




UbJ 8 - (Job / 


coding 


31730 


AACAAATCTCCTAGAAGATC 




0549-0568 


coding 


31426 


TGGCACGCCAAACAAATCTC 




0559- 0578 


coding 


31731 


AGAAGCTTGGCACGCCAAAC 




0566-0585 


coding 


31564 


CTTTCACAGAGAAGCTTGGC 




0575-0594 


coding 


31732 


TTTTCCTGTGCTCTTTCACA 




0587-0606 


coding 


31427 


TATATATTTTCCTGTGCTCT 




0593-0612 


coding 


31733 


ATCATGGTATATATTTTCCT 




0600-0619 


coding 


31565 


TTCCTGTAGATCATGGTATA 




0 6 0 9 - 062 8 


coding 


31734 


TACTACCAAGTTCCTGTAGA 




0619-0638 


coding 


31428 


TTCCTGCTGATTGACTACTA 


102 


0634-0653 


coding 


31566 


TGAGTCCGATGATTCCTGCT 


103 


0646-0665 


coding 


31735 


CAGATGTACCTGAGTCCGAT 


104 


0656-0675 


coding 


31429 


CTGTTCTCACTCACAGATGT 


105 


0669-0688 


coding 


31567 


TTCAAGGTGACACCTGTTCT 


106 


0682-0701 


coding 


31736 


ACTCCCACCTTCAAGGTGAC 


107 


0691-0710 


coding 
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31430 


GGTCCTTTTGATCACTCCCA 




U / //!J 


coding 


31568 


AAGCTCTTGTACAAGGTCCT 




U / -LO U / J / 


coding 


31737 


CTCTTCCTGAAGCTCTTGTA 






coding 


31431 


AAGATGAAGGTTTCTCTTCC 




m a n men 


coding 


31569 


AAACCAAATGTGAAGATGAA 






coding 


31738 


ATGGTCTAGAAACCAAATGT 




U /oi-U / o 0 


coding 


31432 


CTAGATGAGGTAGATGGTCT 




0774 - 0793 


coding 


31570 


AATTGCTCTCCTTCTAGATG 




0787-0806 


coding 


31739 


TCTGTCTCACTAATTGCTCT 




0798-0817 


coding 


31433 


TCTGAATTTTCTTCTGTCT C 




0 8 1 0 - 0 82 9 


coding 


31571 


CACCAGATAATTCATCTGAA 




0824 - 0843 


coding 


31740 


TTTGTCGTTCACCAGATAAT 




0833 - 0852 


coding 


31434 


GTGGCGTTTTCTTTGTCGTT 




0844-0863 


coding 


31572 


TACTATCAGATTTGTGGCGT 




0857- 0876 


coding 


31741 


GAAAGGGAAATACTATCAGA 


122 


0867-0886 


coding 


31435 


GCTTTCATCAAAGGAAAGGG 


123 


0880-0899 


coding 


31573 


TACACACAGAGCCAGGCTTT 


124 


0895-0914 


coding 


31742 


CTCCCTTATTACACACAGAG 


125 


0904-0923 


coding 


31436 


TCACAACATATCTCCCTTAT 




126 


0915-0934 


coding 
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31574 


CTACTGCTTCTTTCACAACA 


127 


0927-0946 


coding 


31743 


GATTCACTGCTACTGCTTCT 


128 


0936-0955 


coding 


31437 


TGGCGTCCCTGTAGATTCAC 


129 


0949-0968 


coding 


31575 


AAGATCCGGATTCGATGGCG 


130 


0964-0983 


coding 


31744 


CAGCATCAAGATCCGGATTC 


131 


0971-0990 


coding 


31438 


GTTCACTTACACCAGCATCA 


132 


0983-1002 


coding 


31576 


CAATCACC TGAATGTTCACT 


133 


0996-1015 


coding 


31745 


CTGATCCAACCAATCACCTG 


134 


1006-1025 


coding 


31439 


GAAACTGAATCCTGATCCAA 


135 


1017-1036 


coding 


31746 


TGATCTGAAACTGAATCCTG 


136 


1023-1042 


coding 


31577 


CTACACTAAACTGATCTGAA 


137 


1034-1053 


coding 


31747 


CAACTTCAAATTCTACACTA 


138 


1046-1065 


coding 


31440 


AGATT CAACTT CAAATTCTA 


139 


1051-1070 


coding 


31748 


GAGTCGAGAGATTCAACTTC 


140 


1059-1078 


coding 


31578 


TAATCTTCTGAGTCGAGAGA 


141 


1068-1087 


coding 


31749 


CTAAGGCTATAATCTTCTGA 


142 


1077-1096 


coding 


31441 


TTCTTCACTAAGGCTATAAT 


143 


1084-1103 


coding 


31750 


TCTTGTCCTTCTTCACTAAG 


144 


1092-1111 


coding 


31579 


CTGAGAGTTCTTGTCCTTCT 


145 


1100-1119 


coding 


31751 


TTCATCTGAGAGTTCTTGTC 


146 


1105-1124 


coding 
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31442 






1115-1134 


coding 


31752 


CTTGATATACCTCATCATCT 




±124-1143 


coding 


31753 


ATACACAGTAACTTGATATA 




1135-1154 


coding 


31443 


CTCTCCCCTGCCTGATACAC 




1149-1168 


coding 


31580 


GAATCTGTATCACTCTCCCC 




1161-1180 


coding 


31754 


TCTTCAAATGAATCTGTATC 




1170-1189 


coding 


31444 


AAATTTCAGGATCTTCTTCA 




1184-12 03 


coding 


31581 


AGTCAGCTAAGGAAATTTCA 




1196-1215 


coding 


31755 


GCATTTCCAATAGTCAGCTA 


155 


1207-1226 


coding 


31445 


CATTGCATGAAGTGCATTTC 




1220-1239 


coding 


31756 


TCATTTCATTGCATGAAGTG 




1226-1245 


coding 


31582 


CATCTGTTGCAATGTGATGG 




1257-1276 


coding 


31757 


GAAGGGCCCAACATCTGTTG 




1268-1287 


coding 


31446 


TTCTCACGAAGGGC C CAACA 


160 


1275-1294 


coding 


31758 


GAAGCCAATTCTCACGAAGG 


161 


1283-1302 


coding 


31583 


TATCTTCAGGAAGCCAATTC 


162 


1292-1311 


coding 


31759 


CTTTCCCTTTATCTTCAGGA 


163 


1301-1320 


coding 


31447 


TCCCCTTTATCTTTCCCTTT 


164 


1311-1330 


coding 


31584 


CTTTCTCAGAGATTTCCCCT 


165 


1325-1344 


coding 



ISPH-0622 



-89- 



PATENT 



31760 


fAnTTTnnrTTTrTr'afiana 

^— ±*\3 ± ± ± J.11L1 LiibAbii 






coding 




IJlull LxHXj 1 1 1 1L v^-A-o X X X Vj 


167 


1346-1365 


coding 




X i_ X X L-i-iAjL. X X lj X Lj ± X t3.tt.l3 


168 


13 58-13 77 


coding 






169 


13 68-1787 


coding 




X JL X \— J-iililU X X X J. 




1401-1420 


coding 




X VjiiU X ^ X ^ X ^jVjr/\/\ X V- A 1 I L 




1412 - 143 1 


coding 




CCTCAACACATGACTCTCTG 




1421 - 144 0 


coding 




TTlTflTflTTTTrPTPl A /-i 
llnl U/iX XXX 


173 


1434-1453 


coding 




X nn ill liil L-i-i X Vw.ri llll^L 




143 9- 1458 


coding 




bAHtoL X X lj X X 1111A1L 


175 


1449-1468 


coding 




X llul ^j^i-rt.^ 1 ^ X iuXoi rLtt. 




1456-1475 


coding 




v—ft.*— 1 1 1L1 Ibl 1 X Vj X VjriA. 


177 


1466-1485 


coding 






178 


1481-1500 


coding 


31765 


x4V3 X X Vj^i. lObLl vji-iLzritt. X tt.Vj X 


179 


1489-1508 


coding 




TfiPTa PTipa spttpstppp 


18 0 


1499-1518 


coding 


31766 


TAAATAATGCTACTAGAAGT 


181 




coding 


31589 


CTTGGCTGCTATAAATAATG 


182 


1517-1536 


coding 


31590 


ATCTTCTTGGCTGCTATAAA 


183 


1522-1541 


coding 


31453 


AACTCTTTCACATCTTCTTG 


184 


1533-1552 


coding 


31767 


CCCTTTCAAACTCTTTCACA 


185 


1541-1560 


coding 
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31591 


GGGTTTCTTCCCTTTCAAAC 


186 


1550-1569 


coding 


31768 


TCTTTGTCTTGGGTTTCTTC 


187 


1560-1579 


coding 


31454 


CTCTCTTCTTTGTCTTGGGT 


188 


1566-1585 


coding 


31592 


AACTAGATTCCACACTCTCT 


189 


1580-1599 


coding 


31769 


CAAGGTTCAATGGCATTAAG 


190 


1605-1624 


coding 


31455 


TGACAAATCACACAAGGTTC 


191 


1617-1636 


coding 


31593 


TCGACCTTGACAAATCACAC 


192 


1624-1643 


coding 


31594 


ATGGACAATGCAACCATTTT 


193 


1648-1667 


coding 


31770 


TGTTTTGCCATGGACAATGC 


194 


1657-1676 


coding 


31456 


TAAGATGTCCTGTTTTGCCA 


195 


1667-1686 


coding 


31595 


GCAGGCCATAAGATGTCCTG 


196 


1675-1694 


coding 


31596 


ACATGTAAAGCAGGCCATAA 


197 


1684-1703 


coding 


31771 


CTTTGCACATGTAAAGCAGG 


198 


1690-1709 


coding 


31457 


TTTCTTTAGCTTCTTTGCAC 


199 


1702-1721 


coding 




1 1A1 1LL1 1 1 1L1 1 InbLi 1 




X /1U-1 1 A3 


coding 


31598 


TGGGCAGGGCTTATTCCTTT 


201 


1720-1739 


coding 


31772 


ACATACTGGGCAGGGCTTAT 


202 


1726-1745 


coding 


31458 


TTGGTTGTCTACATACTGGG 


203 


1736-1755 


coding 


31599 


TCATTTGAATTGGTTGTCTA 


204 


1745-1764 


coding 
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31600 


AAGTTAGCACAATCATTTGA 




1757-1776 


coding 


31601 


TCTCTTATAGACAGGTCAAC 


206 


i 787.1 one 
x to / ± O U O 


STOP 


31459 


AAATATATAATTCTCTTATA 


2 07 


J. / yo-lol / 


3 ' UTR 


31602 


AGTTAGAAATATATAATTCT 


2 08 




3 ' UTR 


31773 


ATATAGTTAGAAATATATAA 






3 ' UTR 


31603 


CTAGGGTTATATAGTTAGAA 




1 Q 1 £T loot: 


3 ' UTR 


31774 


TAAATTCCTAGGGTTATATA 




T S3 O "5 1 o/O 
LoA6- J_o42 


3 1 UTR 


31460 


CAGGTTGTCTAAATTCCTAG 


2 12 




3 1 UTR 


31604 


ATAAATTTCAGGTTGTCTAA 




i.o'iU-JLoby 


3 ' UTR 


31605 


ATATATGTGAATAAATTTCA 




lbbU-1869 


3 ' UTR 


31606 


CTTTGATATATGTGAATAAA 




1855-1874 


3 1 UTR 


31461 


CATTTTCTCACTTTGATATA 




1865-1884 


3 ' UTR 


31607 


ATTGAGGCATTTTCTCACTT 




1872-1891 


3 1 UTR 


31608 


AATCTATGTGAATTGAGGCA 




1883 -1902 


3 ' UTR 


31609 


AGAAGAAATCTATGTGAATT 




1889-1908 


3 ' UTR 


31462 


ATACTAAAGAGAAGAAATCT 


220 


1898-1917 


3 1 UTR 


31610 


GTCAATTATACTAAAGAGAA 


221 


1905-1924 


3 ' UTR 


31775 


TAGGTCAATTATACTAAAGA 


222 


1908-1927 


3 ' UTR 


31611 


CAAAGTAGGTCAATTATACT 


223 


1913-1932 


3 ' UTR 


31776 


CCACTACCAAAGTAGGTCAA 


224 


1920-1939 


3 1 UTR 
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31463 


AGTATTCACTATTCCACTAC 


22 5 


1933 - 1952 




31612 


TATAGTAAGTATTCACTATT 


226 


1 Q4. D - 1 Q R Q 




31613 


AGTCAAATTATAGTAAGTAT 


22 7 






31777 


CATATTCAAGTCAAATTATA 




1956—1975 


3 ' UTR 


31464 


AAAGGATGAGCTACATATTC 






3 ' UTR 


31778 


GTGTAAAGGATGAGCTACAT 




1973—1992 




31614 


TAGGAGT T GGTGTAAAGGAT 






3 1 UTR 


31779 


TTTAAAATTAGGAGTTGGTG 




1990-2009 


3 ' UTR 


31615 


GAAATTATTTAAAATTAGGA 




1997-2 016 


3 ' UTR 


31465 


CAGAGTAGAAATTATTTAAA 




2004-2023 


3 1 UTR 


31616 


C T CAT T TAAGACAGAGTAGA 




2015-2034 


3 1 UTR 


31780 


TACTTCTCATTTAAGACAGA 




2020-2039 


3 ' UTR 


31617 


CATATACATATTTAAGAAAA 




2051-2070 


3 1 UTR 


31466 


TTAAATGTCATATACATATT 




2059-2078 


3 1 UTR 


31618 


TAATAAGTTACATTTAAATG 


239 


2072-2091 


3 ' UTR 


31619 


GTAACAGAGCAAGACTCGGT 


240 


2103-2122 


3' UTR 


31467 


CAGCCTGGGTAACAGAGCAA 


241 


2111-2130 


3 ' UTR 


31781 


CACTCCAGCCTGGGTAACAG 


242 


2116-2135 


3' UTR 


31620 


CCCACTGCACTCCAGCCTGG 


243 


2123-2142 


3 1 UTR 
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a C C A A p A T P A C P P a P T a c a c 




.^13 3 -z 1d<£ 


3 1 UTR 








2 14 0-2159 


3 1 UTR 






246 


214 6-2165 


3 ' UTR 




a ^annc a c a ppttp p a ptp a 


247 


2153 -2172 


3 1 UTR 






24 8 


2176-2195 


3 ' UTR 




AVjVjC 1 ^AlaljrLAljlaAvaAA 1 CjCa 


24 9 


2185-2204 


3 ' UTR 




All taGljAGGL. 1 GAGGCACabrA 


250 


2191-2210 


3 ' UTR 




Pa BPPTA A r P r Pr* 1 /^^7\ OPPT»P7V 

UAAvjrUlAAl 1 (jCjUALtGCTGA 


251 


2198-2217 


3 ' UTR 




AGGCCAAGCTAATTGGGAGG 


252 


2202-2221 


3 1 UTR 




AlCaAt- 1 1 AGGLCAAGCTAA 


2 53 


2210-2229 


3 ' UTR 




CAGATGACTGTAGGCCAAGC 


254 


2213-2232 


3 ' UTR 




V3V3 1 VaVaCAAjjii 1 ljAl_ 1 1 AUiL 


255 


2218-2237 


3 1 UTR 




A riPTPTPPTPPP A A TO 7V Prp 

ALits 1 G 1 br<j 1 A(jA 1 CjACT 


2 1 


2224-2243 


3 ' UTR 




AATT AGC CAGGTGTGGTGGC 


256 


2232-2251 


3 1 UTR 




riippmprnTi ("""nAAAA^TAPAAA 

G 1 CI C 1 1 AAAACj 1 ACAAA 


257 


2253-2272 


3 ' UTR 


31628 


CGGTGAAACCCTGTCTCTAC 








31787 


TGGCTAACACGGTGAAACCC 


259 


2274-2293 


3 ' UTR 


31471 


AGACCATCCTGGCTAACACG 


260 


2283-2302 


3 1 UTR 


31788 


GAGATCGAGACCATCCTGGC 


261 


2290-2309 


3 1 UTR 


31629 


GAGGTCAGGAGATCGAGAC C 


262 


2298-2317 


3 ' UTR 



ISPH-0622 



-94- 



PATENT 



31789 


GCGGATCACGAGGTCAGGAG 




<£ .3 U / - A3 Zo 


3 1 UTR 


31472 


AGGCCGAGGTGGGCGGATCA 


264 


2319-2338 


3 1 UTR 


31790 


TTTGGGAGGCCGAGGTGGGC 


265 


2325-2344 


3 ' UTR 


31630 


TCCCAGCACTTTGGGAGGCC 


266 


2334-2353 


3 ' UTR 


31791 


CCTGTAATCCCAGCACTTTG 


267 


2341-2360 


3 1 UTR 


31631 


GTGGCTCATGCCTGTAATCC 


268 


2351-2370 


3 1 UTR 



1 All deoxy cytosines and 2 ' -MOE cytosine residues are 5- 
methyl-cytosines; all linkages are phosphorothioate 
linkages . 



2 Co-ordinates from Genbank Accession No. Z12 02 0, locus name 
"HSP53ASSG" , SEQ ID NO: 1. 

Oligonucleotide activity was assayed by quantitation 
of mdm2 mRNA levels by real-time PCR (RT-PCR) using the ABI 
PRISM™ 7700 Sequence Detection System (PE-Applied 
Biosystems, Foster City, CA) according to manufacturer's 
instructions. This is a closed-tube, non-gel-based, 
fluorescence detection system which allows high- throughput 
quantitation of polymerase chain reaction (PCR) products in 
real-time. As opposed to standard PCR, in which 
amplification products are quantitated after the PCR is 
completed, products in RT-PCR are quantitated as they 
accumulate. This is accomplished by including in the PCR 
reaction an oligonucleotide probe that anneals specifically 
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between the forward and reverse PCR primers, and contains 
two fluorescent dyes. The primers and probes used were: 
Forward: 5 1 -GGCAAATGTGCAATACCAACA-3 ' (SEQ ID NO. 269) 
Reverse: 5 ' -TGCACCAACAGACTTTAATAACTTCA-3 ' (SEQ ID NO. 270) 
Probe: 5 ' -FAM-CCACCTCACAGATTCCAGCTTCGGA-TAMRA-3 1 (SEQ ID 
NO. 2 71) . 

A reporter dye (e.g., JOE or FAM, PE-Applied 
Biosystems, Foster City, CA) was attached to the 5' end of 
the probe and a quencher dye (e.g., TAMRA, PE-Applied 
Biosystems, Foster City, CA) was attached to the 3' end of 
the probe. When the probe and dyes are intact, reporter 
dye emission is quenched by the proximity of the 3 ' 
quencher dye. During amplification, annealing of the probe 
to the target sequence creates a substrate that can be 
cleaved by the 5 ' -exonuclease activity of Taq polymerase. 
During the extension phase of the PCR amplification cycle, 
cleavage of the probe by Taq polymerase releases the 
reporter dye from the remainder of the probe (and hence 
from the quencher moiety) and a sequence -specific 
fluorescent signal is generated. With each cycle, 
additional reporter dye molecules are cleaved from their 
respective probes, and the fluorescence intensity is 
monitored at regular (six- second) intervals by laser optics 
built into the ABI PRISM™ 7700 Sequence Detection System. 
In each assay, a series of parallel reactions containing 
serial dilutions of mRNA from untreated control samples 
generates a standard curve that is used to quantitate the 
percent inhibition after antisense oligonucleotide 
treatment of test samples. 
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RT-PCR reagents were obtained from PE-Applied 
Biosystems, Foster City, CA. RT-PCR reactions were carried 
out by adding 25 \xl PCR cocktail (lx TAQMAN™ buffer A, 5.5 
mM MgCl 2/ 3 00 uM each of dATP , dCTP and dGTP , 600 fxM of 
dUTP, 10 0 nM each of forward primer, reverse primer, and 
probe, 20 U RNAse inhibitor, 1.2 5 units AMPLITAQ GOLD™, and 
12.5 U MuLV reverse transcriptase) to 96 well plates 
containing 2 5 )il poly (A) mRNA solution. The RT reaction 
was carried out by incubation for 3 0 minutes at 4 8°C. 
Following a 10 minute incubation at 95°C to activate the 
AMPLITAQ GOLD™, 40 cycles of a two-step PCR protocol were 
carried out: 95°C for 15 seconds (denaturation) followed by 
60°C for 1.5 minutes (annealing/extension). 

Results are shown in Table 12. Oligonucleotides 
31394 (SEQ ID NO: 36), 31398 (SEQ ID NO: 52), 31400 (SEQ ID 
NO: 56), 31402 (SEQ ID NO: 57), 31405 (SEQ ID NO: 60), 
31406 (SEQ ID NO: 61), 31415 (SEQ ID NO: 69), 31416 (SEQ ID 
NO: 70), 31418 (SEQ ID NO: 72), 31434 (SEQ ID NO: 60), 
31436 (SEQ ID NO: 126), 31446 (SEQ ID NO: 160), 31451 (SEQ 
ID NO: 177), 31452 (SEQ ID NO: 180), 31456 (SEQ ID NO: 
195), 31461 (SEQ ID NO: 216), 31468 (SEQ ID NO: 246), 31469 
(SEQ ID NO: 251), 31471 (SEQ ID NO: 260), and 31472 (SEQ ID 
NO: 264) gave at least approximately 50% reduction of mdm2 
mRNA levels. 
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TABLE 12 

Activities of Phosphorothioate Oligodeoxynucleotides 
Targeted to Human mdm2 



ISIS 
No: 


SEQ 
ID 
NO: 


GENE TARGET 
REGION 


% mRNA 
EXPRESSION 


% mRNA 
INHIBITION 


LIPOFECTIN™ 
only 


_ 


... 


100% 


0% 


31393 


3 


5' UTR 


59% 


41% 


31394 


36 


5 1 UTR 


27% 


73% 


31395 


40 


5' UTR 


96% 


4% 


31396 


44 


5 1 UTR 


99% 


1% 


31397 


48 


5' UTR 


76% 


24% 


31398 


52 


5 ' UTR 


51% 


49% 


31399 


55 


AUG 


138% 






56 


AUG 


22% 


78% 


31401 


9 


AUG 


69% 


31% 


31402 


57 


AUG 


47% 


53% 


31403 


58 


AUG 


77% 


23% 


31404 


59 


AUG 


60% 


40% 


31405 


60 


AUG 


35% 


65% 


31406 


61 


AUG 


45% 


55% 
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31407 


62 


AUG 


65% 


35% 


31408 


63 


AUG 


71% 


29% 


31409 


10 


AUG 


849% 




31410 


64 


AUG 


79% 


21% 


31411 


65 


AUG 


67% 


33% 


31412 


66 


AUG 


99% 


1% 


31413 


67 


AUG 


68% 


32% 


31414 


68 


AUG 


64% 


36% 


31415 


69 


AUG 


48% 


52% 


31416 


70 


AUG 


36% 


64% 


31417 


71 


AUG 


77% 


23% 


31418 


72 


AUG 


53% 


47% 


31419 


73 


AUG 


122% 




31420 


74 


AUG 


57% 


43% 


31421 


77 


coding 


111% 




31422 


80 


coding 


85% 


15% 


31423 


83 


coding 


126% 




31424 


86 


coding 


70% 


30% 


31425 


90 


coding 


95% 


5% 
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31426 


94 


coding 


69% 


31% 


31427 


98 


coding 


9465% 




31428 


102 


coding 


81% 


19% 


31429 


105 


coding 


138% 




31430 


108 


coding 


114% 




31431 


111 


coding 


77% 


23% 


31432 


114 


coding 


676% 




31433 


117 


coding 


145% 




31434 


120 


coding 


40% 


60% 


31435 


123 


coding 


193% 




31436 


126 


coding 


49% 


51% 


31437 


129 


coding 


146% 




31438 


132 


coding 


76% 


24% 


31439 


135 


coding 


104% 




31440 


139 


coding 


95% 


5% 


31441 


143 


coding 


324% 




31442 


147 


coding 


1840% 




31443 


150 


coding 


369% 




31444 


153 


coding 


193% 
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31445 


156 


coding 


106% 




31446 


160 


coding 


29% 


71% 


31447 


164 


coding 


82% 


18% 


31448 


167 


coding 


117% 




31449 


170 


coding 


1769% 




31450 


173 


coding 


84% 


16% 


31451 


177 


coding 


49% 


51% 


31452 


180 


coding 


33% 


67% 


31453 


184 


coding 


59% 


41% 


31454 


188 


coding 


171% 




31455 


191 


coding 


61% 


39% 


31456 


195 


coding 


42% 


58% 


31457 


199 


coding 


70% 


30% 


31458 


203 


coding 


60% 


40% 


31459 


207 


3 1 UTR 


14 9% 




31460 


212 


3 ' UTR 


71% 


29% 


31461 


216 


3 1 UTR 


52% 


48% 


31462 


220 


3 ' UTR 


1113% 




31463 


225 


3 1 UTR 


78% 


22% 
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31464 


229 


3 ' UTR 


112% 




31465 


234 


3 ' UTR 


66% 


34% 


31466 


238 


3 ' UTR 


212% 





31467 


241 


3 ' UTR 


77% 


23% 


31468 


246 


3 1 UTR 


17% 


83% 


31469 


251 


3 ' UTR 


36% 


64% 


31470 


256 


3 1 UTR 


60% 


40% 


31471 


260 


3 ' UTR 


43% 


57% 


31472 


264 


3 1 UTR 


35% 


65% 



Example 10 : Effect of mdm2 antisense oligonucleotides on 
the growth of human A549 lung tumor cells in nude mice 

200 [il of A549 cells (5 x 10 6 cells) are implanted 
5 subcutaneously in the inner thigh of nude mice . mdm2 

antisense oligonucleotides are administered twice weekly 
for four weeks, beginning one week following tumor cell 
inoculation. Oligonucleotides are formulated with cationic 
lipids (LIPOFECTIN™) and given subcutaneously in the 
10 vicinity of the tumor. Oligonucleotide dosage was 5 mg/kg 
with 6 0 mg/kg cationic lipid. Tumor size is recorded 
weekly. 

Activity of the oligonucleotides is measured by 
reduction in tumor size compared to controls. 
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Example 11: U-87 human glioblastoma cell culture and 
subcutaneous xenografts into nude mice 

The U-87 human glioblastoma cell line is obtained 
from the ATCC (Manassas, VA) and maintained in Iscove's 
5 DMEM medium supplemented with heat - inactivated 10% fetal 
calf serum (Yazaki, T. , et al . , Mol. Pharmacol., 1996, 50, 
236-242) . Nude mice are injected subcutaneously with 2 x 
10 7 cells. Mice are injected intraperitoneally with 
oligonucleotide at dosages of either 2 mg/kg or 2 0 mg/kg 
10 for 21 consecutive days beginning 7 days after xenografts 

were implanted. Tumor volumes are measured on days 14, 21, 
24, 31 and 35. Activity is measure by a reduced tumor 
volume compared to saline or sense oligonucleotide 
controls . 

15 

Example 12: Intracerebral U-87 glioblastoma xenografts into 
nude mice 

U-87 cells are implanted in the brains of nude mice 
(Yazaki, T . , et al . , Mol. Pharmacol., 1996, 50, 236-242). 

2 0 Mice are treated via continuous intraperitoneal 

administration of antisense oligonucleotide (2 0 mg/kg) , 
control sense oligonucleotide (2 0 mg/kg) or saline 
beginning on day 7 after xenograft implantation. Activity 
of the oligonucleotide is measured by an increased survival 

25 time compared to controls. 
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Example 13: Analysis of oligonucleotide inhibition of mdm2 
expression in T-24 cells 

The effect of antisen.se compounds on target nucleic 
acid expression can be tested in any of a variety of cell 
5 types provided that the target nucleic acid is present at 
measurable levels. This can be routinely determined using, 
for example, PCR or Northern blot analysis. T-24 cells are 
provided for illustrative purposes, but other cell types 
can be routinely used, provided that the target is 
10 expressed in the cell type chosen. This can be readily 
determined by methods routine in the art, for example 
Northern blot analysis, Ribonuclease protection assays, or 
RT-PCR. 

15 T-24 cells: 

The human transitional cell bladder carcinoma cell 
line T-24 was obtained from the American Type Culture 
Collection (ATCC) (Manassas, VA) . T-24 cells were 
routinely cultured in complete McCoy's 5A basal media 

2 0 (Gibco/Life Technologies, Gaithersburg, MD) supplemented 
with 10% fetal calf serum (Gibco/Life Technologies, 
Gaithersburg, MD) , penicillin 10 0 units per mL, and 
streptomycin 100 micrograms per mL (Gibco/Life 
Technologies, Gaithersburg, MD) . Cells were routinely 

25 passaged by trypsinization and dilution when they reached 
90% confluence. Cells were seeded into 96-well plates 
(Falcon-Primaria #3872) at a density of 7000 cells/well for 
use in RT-PCR analysis. 
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For Northern blotting or other analysis, cells may be 
seeded onto 100 mm or other standard tissue culture plates 
and treated similarly, using appropriate volumes of medium 
and oligonucleotide. 

5 

Treatment with antisense compounds: 

When cells reached 80% confluency, they were treated 
with oligonucleotide. For cells grown in 96-well plates, 
wells were washed once with 200 uL 0PTI-MEM™-1 reduced- 

10 serum medium (Gibco BRL) and then treated with 13 0 |nL of 

0PTI-MEM™-1 containing 3.75 g/mL LIPOFECTIN™ (Gibco BRL) 
and the desired concentration of oligonucleotide. After 4- 
7 hours of treatment, the medium was replaced with fresh 
medium. Cells were harvested 16-24 hours after 

15 oligonucleotide treatment. 

The concentration of oligonucleotide used varies from 
cell line to cell line. To determine the optimal 
oligonucleotide concentration for a particular cell line, 
the cells are treated with a positive control 

20 oligonucleotide at a range of concentrations. For human 

cells the positive control oligonucleotide is ISIS 13920, 
TCCGTCATCGCTCCTCAGGG, SEQ ID NO: 272, a 2 • -O-methoxy ethyl 
gapmer (2 ' -O-methoxyethyls shown in bold) with a 
phosphorothioate backbone which is targeted to human H-ras. 

25 The concentration of positive control oligonucleotide 

that results in 80% inhibition of c-Ha-ras (for ISIS 13920) 
mRNA is then utilized as the screening concentration for 
new oligonucleotides in subsequent experiments for that 
cell line. If 80% inhibition is not achieved, the lowest 
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concentration of positive control oligonucleotide that 
results in 60% inhibition of H-ras or c-raf mRNA is then 
utilized as the oligonucleotide screening concentration in 
subsequent experiments for that cell line. If 60% 
5 inhibition is not achieved, that particular cell line is 
deemed as unsuitable for oligonucleotide transfection 
experiments . 

Analysis of oligonucleotide inhibition of mdm2 expression: 

10 Antisense modulation of mdm2 expression can be assayed 

in a variety of ways known in the art. For example, mdm2 
mRNA levels can be quantitated by, e.g., Northern blot 
analysis, competitive polymerase chain reaction (PCR) , or 
real-time PCR (RT-PCR) . Real-time quantitative PCR is 

15 presently preferred. RNA analysis can be performed on 
total cellular RNA or poly(A)+ mRNA. Methods of RNA 
isolation are taught in, for example, Ausubel, P.M. et al . , 
Current Protocols in Molecular Biology, Volume 1, pp. 
4.1.1-4.2.9 and 4.5.1-4.5.3, John Wiley & Sons, Inc., 1993. 

2 0 Northern blot analysis is routine in the art and is taught 
in, for example, Ausubel, F.M. et al . , Current Protocols in 
Molecular Biology, Volume 1, pp. 4.2.1-4.2.9, John Wiley & 
Sons, Inc., 1996. Real-time quantitative (PCR) can be 
conveniently accomplished using the commercially available 

25 ABI PRISM™ 7700 Sequence Detection System, available from 
PE-Applied Biosystems, Foster City, CA and used according 
to manufacturer's instructions. 

Protein levels of mdm2 can be quantitated in a variety 
of ways well known in the art, such as immunoprecipitation, 
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Western blot analysis ( immunoblotting) , ELISA or 
fluorescence-activated cell sorting (FACS) . Antibodies 
directed to mdm2 can be identified and obtained from a 
variety of sources, such as the MSRS catalog of antibodies 
5 (Aerie Corporation, Birmingham, MI) , or can be prepared via 
conventional antibody generation methods. Methods for 
preparation of polyclonal antisera are taught in, for 
example, Ausubel, F.M. et al . , Current Protocols in 
Molecular Biology, Volume 2, pp. 11.12.1-11.12.9, John 

10 Wiley & Sons, Inc., 1997. Preparation of monoclonal 

antibodies is taught in, for example, Ausubel, F.M. et al . , 
Current Protocols in Molecular Biology, Volume 2, pp. 
11.4.1-11.11.5, John Wiley & Sons, Inc., 1997. 

Immunoprecipitation methods are standard in the art 

15 and can be found at, for example, Ausubel, F.M. et al . , 
Current Protocols in Molecular Biology, Volume 2, pp. 
10.16.1-10.16.11, John Wiley & Sons, Inc., 1998. Western 
blot (immunoblot) analysis is standard in the art and can 
be found at, for example, Ausubel, F.M. et al . , Current 

20 Protocols in Molecular Biology, Volume 2, pp. 10.8.1- 
10.8.21, John Wiley & Sons, Inc., 1997. Enzyme-linked 
immunosorbent assays (ELISA) are standard in the art and 
can be found at, for example, Ausubel, F.M. et al . , Current 
Protocols in Molecular Biology, Volume 2, pp. 11.2.1- 

25 11.2.22, John Wiley & Sons, Inc., 1991. 



Poly (A) + mRNA isolation: 

Poly (A) + mRNA is isolated according to Miura et al . 
Clin. Chem., 1996, 42, 1758-1764. Other methods for 



ISPH-0622 



-107- 



PATENT 



poly (A) + mRNA isolation are taught in, for example, 
Ausubel, F.M. et al . , Current Protocols in Molecular 
Biology, Volume 1, pp. 4.5.1-4.5.3, John Wiley & Sons, 
Inc., 1993. Briefly, for cells grown on 96-well plates, 
5 growth medium was removed from the cells and each well was 
washed with 200 U.L cold PBS. 60 (J.L lysis buffer (10 mM 
Tris-HCl, pH 7.6, 1 mM EDTA, 0.5 M NaCl, 0.5% NP-40, 20 mM 
vanadyl -ribonucleoside complex) was added to each well, the 
plate was gently agitated and then incubated at room 

10 temperature for five minutes. 55 fxL of lysate was 

transferred to Oligo d(T) coated 96-well plates (AGCT Inc., 
Irvine CA) . Plates were incubated for 60 minutes at room 
temperature, washed 3 times with 200 joX. of wash buffer (10 
mM Tris-HCl pH 7 . 6 , 1 mM EDTA, 0.3 M NaCl) . After the 

15 final wash, the plate was blotted on paper towels to remove 
excess wash buffer and then air-dried for 5 minutes. 60 uL 
of elution buffer (5 mM Tris-HCl pH 7.6), preheated to 70°C 
was added to each well, the plate was incubated on a 90°C 
hot plate for 5 minutes, and the eluate was then 

20 transferred to a fresh 96-well plate. 

Cells grown on 100 mm or other standard plates may be 
treated similarly, using appropriate volumes of all 
solutions . 



25 Total RNA Isolation: 

Total RNA is isolated using an RNEASY 96™ kit and 
buffers purchased from Qiagen Inc. (Valencia CA) following 
the manufacturer's recommended procedures. Briefly, for 
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cells grown on 96 -well plates, growth medium was removed 
from the cells and each well was washed with 2 00 fj,L cold 
PBS. 100 (liL Buffer RLT was added to each well and the plate 
vigorously agitated for 20 seconds. 100 uL of 70% ethanol 
5 was then added to each well and the contents mixed by 

pipetting three times up and down. The samples were then 
transferred to the RNEASY 96™ well plate attached to a 
QIAVAC™ manifold fitted with a waste collection tray and 
attached to a vacuum source. Vacuum was applied for 15 

10 seconds. 1 mL of Buffer RW1 was added to each well of the 
RNEASY 96™ plate and the vacuum again applied for 15 
seconds. 1 mL of Buffer RPE was then added to each well of 
the RNEASY 96™ plate and the vacuum applied for a period of 
15 seconds. The Buffer RPE wash was then repeated and the 

15 vacuum was applied for an additional 10 minutes. The plate 
was then removed from the QIAVAC™ manifold and blotted dry 
on paper towels. The plate was then re-attached to the 
QIAVAC™ manifold fitted with a collection tube rack 
containing 1.2 mL collection tubes. RNA was then eluted by 

20 pipetting 60 pL water into each well, incubating 1 minute, 
and then applying the vacuum for 30 seconds. The elution 
step was repeated with an additional 60 pL water. 

The repetitive pipetting and elution steps may be 
automated using a QIAGEN Bio-Robot 9604 (Qiagen, Inc., 

25 Valencia CA) . Essentially, after lysing of the cells on 
the culture plate, the plate is transferred to the robot 
deck where the pipetting, DNase treatment and elution steps 
are carried out. 
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Example 14: Real-time Quantitative PCR Analysis of Human 
mdm2 mRNA Levels 

Quantitation of mdm2 mRNA levels was determined by 
real-time quantitative PCR using the ABI PRISM™ 7700 
Sequence Detection System (PE-Applied Biosystems, Foster 
City, CA) according to manufacturer's instructions. This 
is a closed-tube, non-gel-based, fluorescence detection 
system which allows high- throughput quantitation of 
polymerase chain reaction (PCR) products in real-time. As 
opposed to standard PCR, in which amplification products 
are quantitated after the PCR is completed, products in 
real-time quantitative PCR are quantitated as they 
accumulate. This is accomplished by including in the PCR 
reaction an oligonucleotide probe that anneals specifically 
between the forward and reverse PCR primers, and contains 
two fluorescent dyes. A reporter dye (e.g., JOE, FAM, or 
VIC, obtained from either Operon Technologies Inc., 
Alameda, CA or PE-Applied Biosystems, Foster City, CA) is 
attached to the 5 1 end of the probe and a quencher dye 
(e.g., TAMRA, obtained from either Operon Technologies 
Inc., Alameda, CA or PE-Applied Biosystems, Foster City, 
CA) is attached to the 3' end of the probe. When the probe 
and dyes are intact, reporter dye emission is quenched by 
the proximity of the 3' quencher dye. During 
amplification, annealing of the probe to the target 
sequence creates a substrate that can be cleaved by the 5 ' - 
exonuclease activity of Taq polymerase. During the 
extension phase of the PCR amplification cycle, cleavage of 
the probe by Taq polymerase releases the reporter dye from 
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the remainder of the probe (and hence from the quencher 
moiety) and a sequence-specific" fluorescent signal is 
generated. With each cycle, additional reporter dye 
molecules are cleaved from their respective probes, and the 
5 fluorescence intensity is monitored at regular intervals by 
laser optics built into the ABI PRISM™ 7700 Sequence 
Detection System. In each assay, a series of parallel 
reactions containing serial dilutions of mRNA from 
untreated control samples generates a standard curve that 

10 is used to quantitate the percent inhibition after 

antisense oligonucleotide treatment of test samples. 

Prior to quantitative PCR analysis, primer-probe sets 
specific to the target gene being measured are evaluated 
for their ability to be "multiplexed" with a GAPDH 

15 amplification reaction. In multiplexing, both the target 
gene and the internal standard gene GAPDH are amplified 
concurrently in a single sample. In this analysis, mRNA 
isolated from untreated cells is serially diluted. Each 
dilution is amplified in the presence of primer-probe sets 

2 0 specific for GAPDH only, target gene only ( "single - 
plexing") , or both (multiplexing) . Following PCR 
amplification, standard curves of GAPDH and target mRNA 
signal as a function of dilution are generated from both 
the single-plexed and multiplexed samples. If both the 

25 slope and correlation coefficient of the GAPDH and target 
signals generated from the multiplexed samples fall within 
10% of their corresponding values generated from the 
single-plexed samples, the primer-probe set specific for 
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that target is deemed multiplexable . Other methods of PCR 
are also known in the art. 

PCR reagents were obtained from PE-Applied Biosystems, 
Foster City, CA. RT-PCR reactions were carried out by 
adding 25 fiL PCR cocktail (lx TAQMAN™ buffer A, 5 . 5 mM 
MgCl 2 , 3 00 JJ.M each of dATP, dCTP and dGTP, 60 0 jaM of dUTP, 
100 nM each of forward primer, reverse primer, and probe, 
20 Units RNAse inhibitor, 1.25 Units AMPLITAQ GOLD™, and 
12.5 Units MuLV reverse transcriptase) to 96 well plates 
containing 2 5 uL total RNA solution. The RT reaction was 
carried out by incubation for 3 0 minutes at 48°C. Following 
a 10 minute incubation at 95°C to activate the AMPLITAQ 
GOLD™, 4 0 cycles of a two-step PCR protocol were carried 
out: 95°C for 15 seconds (denaturation) followed by 60°C for 
1.5 minutes (annealing/extension) . 

Gene target quantities obtained by real time RT-PCR 
are normalized using either the expression level of GAPDH , 
a gene whose expression is constant, or by quantifying 
total RNA using RiboGreen™ (Molecular Probes, Inc. Eugene, 
OR) . GAPDH expression is quantified by real time RT-PCR, by 
being run simultaneously with the target, multiplexing, or 
separately. Total RNA is quantified using RiboGreen™ RNA 
quantification reagent from Molecular Probes. Methods of 
RNA quantification by RiboGreen™ are taught in Jones, L.J., 
et al, Analytical Biochemistry, 1998, 265, 3 68-374. 

In this assay, 175 uL of RiboGreen™ working reagent 
(RiboGreen™ reagent diluted 1:2865 in lOmM Tris-HCl, 1 mM 
EDTA, pH 7.5) is pipetted into a 96-well plate containing 
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25uL purified, cellular RNA. The plate is read in a 
CytoFluor 4000 (PE Applied Biosystems) with excitation at 
480nm and emission at 520nm. 

Probes and primers to human mdm2 were designed to 
hybridize to a human mdm2 sequence, using published 
sequence information (GenBank accession number Z12 02 0, 
incorporated herein as SEQ ID N0:1) . For human mdm2 the 
PCR primers were : 

forward primer: GGCAAATGTGCAATACCAACA (SEQ ID NO : 2 69) 
reverse primer: TGCACCAACAGACTTTAATAACTTCA (SEQ ID NO: 270) 
and the PCR probe was: FAM- CCACCTCACAGATTCCAGCTTCGGA- TAMRA 
(SEQ ID NO: 271) where FAM (PE-Applied Biosystems, Foster 
City, CA) is the fluorescent reporter dye) and TAMRA (PE- 
Applied Biosystems, Foster City, CA) is the quencher dye. 
For human GAPDH the PCR primers were : 

forward primer: CAACGGATTTGGTCGTATTGG (SEQ ID NO: 2 73) 
reverse primer: GGCAACAATATCCACTTTACCAGAGT (SEQ ID NO: 274) 
and the PCR probe was: 5' JOE - CGCCTGGTCACCAGGGCTGCT - TAMRA 
3' (SEQ ID NO: 275) where JOE (PE-Applied Biosystems, 
Foster City, CA) is the fluorescent reporter dye) and TAMRA 
(PE-Applied Biosystems, Foster City, CA) is the quencher 
dye . 

Example 15: Antisense inhibition of human mdm2 expression 
by chimeric phosphorothioate oligonucleotides having 2 ' -MOE 
wings and a deoxy gap 

In accordance with the present invention, a series of 
oligonucleotides were designed to target different regions 
of the human mdm2 RNA, using published sequences (GenBank 
accession number Z12020, incorporated herein as SEQ ID NO: 
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1) . The oligonucleotides are shown in Table 13. "Target 
site" indicates the first (5' -most) nucleotide number on 
the particular target sequence to which the oligonucleotide 
binds. All compounds in Table 13 are chimeric 
oligonucleotides ("gapmers") 20 nucleotides in length, 
composed of a central "gap" region consisting of ten 2'- 
deoxynucleotides, which is flanked on both sides (5' and 3' 
directions) by f ive-nucleotide "wings". The wings are 
composed of 2 ' -methoxyethyl (2 ' -MOE) nucleotides . The 
internucleoside (backbone) linkages are phosphorothioate 
(P=S) throughout the oligonucleotide. All cytidine 
residues are 5 -methyl cyt idines . The compounds were 
analyzed for their effect on human mdm2 mRNA levels by 
quantitative real-time PCR as described in other examples 
herein. Data are averages from two experiments. If 
present, "N.D." indicates "no data". 



TABLE 13 

Inhibition of human mdm2 mRNA levels by chimeric 
phosphorothioate oligonucleotides having 2 ' -MOE wings and a 
deoxy gap 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ ID 
NO 


REGION 


TARGET 
SITE 


% 

INHIB 


31473 


CAGCCAAGCTCGCGCGGTGC 


3 


5' UTR 


1 


18 


31474 


ACACACAGGGCCACACAGGC 


36 


5' UTR 


29 


13 


31475 


CCCTCGGGCTCGGCTTCTTG 


40 


5 ' UTR 


62 


36 


31476 


TGCTCCTGGCTGCGAAAGCA 


44 


5 1 UTR 


113 


33 


31477 


TCTCCGGGCCAGGGCACTGG 


48 


5' UTR 


165 


38 
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31478 


GGGACTGACTACTGCGGAAG 


52 


5 ' UTR 


217 


0 


31479 


TTTGCCTGCTCCTCACCATC 


55 


AUG 


293 


49 


31480 


ATTTGCCTGCTCCTCACCAT 


56 


AUG 


294 


1 


31481 


CATTTGCCTGCTCCTCACCA 


9 


AUG 


295 


36 


31482 


ACATTTGCCTGCTCCTCACC 


57 


AUG 


296 


44 


31483 


CACATTTGCCTGCTCCTCAC 


58 


AUG 


297 


28 


31484 


GCACATTTGCCTGCTCCTCA 


59 


AUG 


298 


61 


31485 


TGCACATTTGCCTGCTCCTC 


60 


AUG 


299 


84 


31486 


T TGCACATTTGC CTGCT CCT 


61 


AUG 


300 


77 


31487 


ATTGCACATTTGCCTGCTCC 


62 


AUG 


301 


79 


31488 


TATTGCACATTTGCCTGCTC 


63 


AUG 


3 02 


0 


31489 


GTATTGCACATTTGCCTGCT 


10 


AUG 


303 


79 


31490 


GGTATTGCACATTTGCCTGC 


64 


AUG 


304 


86 


31491 


TGGTATTGCACATTTGCCTG 


65 


AUG 


3 05 


o 


31492 


TTGGTATTGCACATTTGCCT 


66 


AUG 


306 


85 


31493 


GTTGGTATTGCACATTTGCC 


67 


AUG 


307 


91 


31494 


TGTTGGTATTGCACATTTGC 


68 


AUG 


308 




31495 


ATGTTGGTATTGCACATTTG 


69 


AUG 


309 


76 


31496 


CATGTTGGTATTGCACATTT 


70 


AUG 


310 


74 


31497 


ACATGTTGGTATTGCACATT 


71 


AUG 


311 




31498 


AGACATGTTGGTATTGCACA 


72 


AUG 


313 


78 


31499 


CAGACATGTTGGTATTGCAC 


73 


AUG 


314 


84 


31500 


GGAATCTGTGAGGTGGTTAC 


74 


Coding 


351 


79 


31501 


GCTTTGGTCTAACCAGGGTC 


77 


Coding 


386 


89 


31502 


GTGCACCAACAGACTTTAAT 


80 


Coding 


422 


78 


31503 


TAATCGTTTAGTCATAATAT 


83 


Coding 


490 


24 


31504 


GAACAATATACAATATGTTG 


86 


Coding 


525 


59 


31505 


TGGCACGCCAAACAAATCTC 


90 


Coding 


559 


80 


31506 


TATATATTTTCCTGTGCTCT 


94 


Coding 


593 


0 


31507 


TTCCTGCTGATTGACTACTA 


98 


Coding 


634 


63 


31508 


CTGTTCTCACT CACAGATGT 


102 


Coding 


669 


50 
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31509 


GGTCCTTTTGATCACTCCCA 


105 


Coding 


704 


62 


31510 


AAGATGAAGGTTTCTCTTCC 


108 


Coding 


740 


15 


31511 


CTAGATGAGGTAGATGGTCT 


111 


Coding 


774 


64 


31512 


TCTGAATTTTCTTCTGTCTC 


114 


Coding 


810 


61 


31513 


GTGGCGTTTTCTTTGTCGTT 


117 


Coding 


844 


67 


31514 


GCTTTCATCAAAGGAAAGGG 


120 


Coding 


880 


58 


31515 


TCACAACATATCTCCCTTAT 


123 


Coding 


915 


59 


31516 


TGGCGTCCCTGTAGATTCAC 


126 


Coding 


949 


43 


31517 


GTTCACTTACACCAGCATCA 


129 


Coding 


983 


63 


31518 


GAAACTGAATCCTGATC CAA 


132 


Coding 


1017 


55 


31519 


AGATTCAACTTCAAATTCTA 


139 


Coding 


1051 


25 


31520 


TTCTTCACTAAGGCTATAAT 


143 


Coding 


1084 


32 


31521 


CCTCATCATCTTCATCTGAG 


147 


Coding 


1115 


74 


31522 


CTCTCCCCTGCCTGATACAC 


150 


Coding 


1149 


0 


31523 


AAATTTCAGGATCTTCTTCA 


153 


Coding 


1184 


17 


31524 


CATTGCATGAAGTGCATTT C 


156 


Coding 


1220 


69 


31525 


TTCTCACGAAGGGCCCAACA 


160 


Coding 


1275 


82 


31526 


TCCCCTTTATCTTTCCCTTT 


164 


Coding 


1311 


11 


31527 


GTGTTGAGTTTTCCAGTTTG 


167 


Coding 


1346 


59 


31528 


GAATCATTCACTATAGTTTT 


170 


Coding 


1401 


0 


31529 


TTATCATCATTTTCCTCAAC 


173 


Coding 


1434 


53 


31530 


CACTTTCTTGTGATTGTGAA 


177 


Coding 


1466 


48 


31531 


TGCTACTAGAAGTTGATGGC 


180 


Coding 


1499 


66 


31532 


AACTCTTTCACATCTTCTTG 


184 


Coding 


1533 


61 


31533 


CTCTCTTCTTTGTCTTGGGT 


188 


Coding 


1566 


68 


31534 


TGACAAAT CACACAAGGTT C 


191 


Coding 


1617 


74 


31535 


TAAGATGTCCTGTTTTGC CA 


195 


Coding 


1667 


8 


31536 


TTTCTTTAGCTTCTTTGCAC 


199 


Coding 


1702 


67 


31537 


TTGGTTGTCTACATACTGGG 


203 


Coding 


1736 


66 


31538 


AAATATATAATTCTCTTATA 


207 


3' UTR 


1798 


0 


31539 1 


CAGGTTGTCTAAATTCCTAG 


212 | 


3' UTR 


1832 1 


85 
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31540 


CATTTTCTCACTTTGATATA 


216 


3 1 UTR 


1865 


51 


31541 


ATACTAAAGAGAAGAAATCT 


220 


3 ' UTR 


1898 


0 


31542 


AGTATTCACTATT C CACTAC 


225 


3 ' UTR 


1933 


71 


31543 


AAAGGATGAGCTACATATT C 


229 


3 ' UTR 


1969 


0 


31544 


CAGAGTAGAAATTATTTAAA 


234 


3 1 UTR 


2004 


20 


31545 


TTAAATGT CATATACATATT 


238 


3 ' UTR 


2059 


3 


31546 


CAGCCTGGGTAACAGAGCAA 


241 


3 ' UTR 


2111 


64 


31547 


GAGCTTGCAGTGAGCCAAGA 


246 


3 ' UTR 


2146 


42 


31548 


CAAGCTAATTGGGAGGCTGA 


251 


3 1 UTR 


2198 


48 


31549 


AATTAGC CAGGTGTGGTGGC 


256 


3 ' UTR 


2232 


77 


31550 


AGACCATCCTGGCTAACACG 


260 


3 ' UTR 


2283 


0 


31551 


AGGCCGAGGTGGGCGGATCA 


264 


3 1 UTR 


2319 


2 



As shown in Table 13, SEQ ID NOs 10, 59, 60, 61, 62, 64, 
66, 67, 68, 59, 70, 72, 73, 74, 77, 80, 90, 98, 105, 111, 
114, 117, 129, 147, 156, 160, 180, 184, 188, 191, 199, 203, 

5 212, 225, 241 and 256 demonstrated at least 60% inhibition 
of human mdm2 expression in this assay and are therefore 
preferred. The target sites to which these preferred 
sequences are complementary are herein referred to as 
"active sites" and are therefore preferred sites for 

0 targeting by compounds of the present invention. 

Example 16: Inhibit ion of human mdm.2 expression by 
additional chimeric phosphorothioate oligonucleotides 
having 2 1 -MOE wings and a deoxy gap 

5 In accordance with the present invention, a second 

series of oligonucleotides were designed to target 
additional regions of the human mdm2 RNA, using published 
sequences (GenBank accession number Z12 02 0, incorporated 
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herein as SEQ ID NO: 1) . The oligonucleotides are shown in 
Table 14. "Target site" indicates the first (5' -most) 
nucleotide number on the particular target sequence to 
which the oligonucleotide binds. All compounds in Table 14 
are chimeric oligonucleotides ("gapmers") 2 0 nucleotides in 
length, composed of a central "gap" region consisting of 
ten 2 1 -deoxynucleotides, which is flanked on both sides (5 ' 
and 3' directions) by f ive-nucleot ide "wings". The wings 
are composed of 2 1 -methoxyethyl (2 ' -MOE) nucleotides . The 
internucleoside (backbone) linkages are phosphorothioate 
(P=S) throughout the oligonucleotide. All cytidine 
residues are 5-methylcytidines . The compounds were 
analyzed for their effect on human mdm2 mRNA levels by 
quantitative real-time PCR as described in other examples 
herein. Data are averages from two experiments. If 
present, "N.D." indicates "no data". 

TABLE 14 

Inhibition of human mdm2 mRNA levels by chimeric 
phosphorothioate oligonucleotides having 2 ■ -MOE wings and a 
deoxy gap 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ ID 
NO 


REGION 


TARGET 
SITE 


% 

INHIB 


31632 


CAGGCC C CAGAAGCAGCCAA 


34 


5' UTR 


14 


0 


31633 


GCTCCATCTTTCCGACACAC 


38 


5' UTR 


43 


39 


31634 


AAGCAGCAGGAT CTCGGT CA 


42 


5 ■ UTR 


98 


55 


31635 


ACTGGGCGCTCGTACGCACT 


46 


5' UTR 


150 


23 


31636 


GGAAGCACGACGCCCTGGGC 


50 


5' UTR 


202 


6 
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CCTGCTCCTCACCATCCGGG 


54 


5 ' UTR 


289 


57 


31638 


CAGTAGGTACAGACATGTTG 


75 


Coding 


323 


69 


31639 


TTCCGAAGCTGG7AATCTGTG 


78 


Coding 


361 


71 


31640 


GCAATGGCTTTGGTCTAACC 


81 


Coding 


392 


54 


31641 


AC CTCTTT CATAGTATAAGT 


84 


Coding 


450 


56 


31642 


GCTTCTCATCATATAATCGT 


88 


Coding 


503 


72 


31643 


TAGAAGATCATTTGAACAAT 


92 


Coding 


538 


34 


31644 


CTTTCACAGAGAAGCTTGGC 


96 


Coding 


575 


43 


31645 


TT CCTGTAGATCATGGTATA 


100 


Coding 


609 


24 


31646 


TGAGTCCGATGATTCCTGCT 


103 


Coding 


646 


61 


31647 


TTCAAGGTGACACCTGTTCT 


106 


Coding 


682 


40 


31648 


AAGCTCTTGTACAAGGTCCT 


109 


Coding 


718 


68 


31649 


AAACCAAATGTGAAGATGAA 


112 


Coding 


752 


o 


31650 


AATTGCTCTCCTTCTAGATG 


115 


Coding 


787 


20 


31651 


CAC CAGATAATT CATCTGAA 


118 


Coding 


824 


82 


31652 


TACTATCAGATTTGTGGCGT 


121 


Coding 


857 


45 


31653 


TACACACAGAGCCAGGCTTT 


124 


Coding 


895 


58 


31654 


CTACTGCTTCTTTCACAACA 


127 


Coding 


927 


63 


31655 


AAGAT C CGGATT CGATGGCG 


130 


Coding 


964 


77 


31656 


CAATCACCTGAATGTTCACT 


133 


Coding 


996 


10 


31657 


CTACACTAAACTGAT CTGAA 


137 


Coding 


1034 


70 


31658 


TAAT CTTCTGAGTCGAGAGA 


141 


Coding 


1068 


30 


31659 


CTGAGAGTTCTTGTCCTTCT 


145 


Coding 


1100 


81 


31660 


GAATCTGTATCACTCTCCCC 


151 


Coding 


1161 


82 


31661 


AGTCAGCTAAGGAAATTTCA 


154 


Coding 


1196 


42 


31662 


CATCTGTTGCAATGTGATGG 


158 


Coding 


1257 


55 


31663 


TATCTTCAGGAAGCCAATTC 


162 


Coding 


1292 


0 


31664 


CTTTCTCAGAGATTTCCCCT 


165 


Coding 


1325 


48 


31665 


CCTCTTCAGCTTGTGTTGAG 


168 


Coding 


1358 


19 


31666 


ATGACTCT CTGGAAT CAT T C 


171 


Coding 


1412 


81 


31667 


GAAGCTTGTGTAATTTTAT C 


175 


Coding 


1449 


43 
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GCTGAGAATAGTCTTCACTT 


178 


Coding 


1481 


50 


31669 


CTTGGCTGCTATAAATAATG 


182 


Coding 


1517 


55 


31670 


ATCTTCTTGGCTGCTATAAA 


183 


Coding 


1522 


51 


31671 


GGGTTTCTTCCCTTTCAAAC 


186 


Coding 


1550 


62 


31672 


AACTAGATTCCACACTCTCT 


189 


Coding 


1580 


63 


31673 


T CGAC CTTGACAAATCACAC 


192 


Coding 


1624 


67 


31674 


ATGGACAATGCAACCATTTT 


193 


Coding 


1648 


55 


31675 


GCAGGCCATAAGATGTCCTG 


196 


Coding 


1675 


67 


31676 


ACATGTAAAGCAGGC CATAA 


197 


Coding 


1684 


48 


31677 


TTATTCCTTTTCTTTAGCTT 


200 


Coding 


1710 


65 


31678 


TGGGCAGGGCTTATTCCTTT 


201 


Coding 


1720 


49 


31679 


TCATTTGAATTGGTTGTCTA 


204 


Coding 


1745 


35 


31680 


AAGTTAGCACAATCATTTGA 


205 


Coding 


1757 


34 


31681 


TCTCTTATAGACAGGTCAAC 


206 


STOP CODON 


1787 


78 


31682 


AGTTAGAAATATATAATTCT 


208 


3 ' UTR 


1804 


0 


31683 


CTAGGGTTATATAGTTAGAA 


210 


3 1 UTR 


1816 


70 


31684 


ATAAATTTCAGGTTGTCTAA 


213 


3 1 UTR 


1840 


16 


31685 


ATATATGTGAATAAATTTCA 


214 


3 1 UTR 


1850 


0 


31686 


CTTTGATATATGTGAATAAA 


215 


3 ' UTR 


1855 


56 


31687 


ATTGAGGCATTTTCTCACTT 


217 


3 1 UTR 


1872 


14 


31688 


AATCTATGTGAATTGAGGCA 


218 


3 1 UTR 


1883 


73 


31689 


AGAAGAAATCTATGTGAATT 


219 


3 ' UTR 


1889 


33 


31690 


GTCAATTATACTAAAGAGAA 


221 


3 ' UTR 


1905 


44 


31691 


CAAAGT AGGT CAAT TATAC T 


223 


3 ' UTR 


1913 


8 


31692 


TATAGTAAGTATTCACTATT 


226 


3 ' UTR 


1940 


4 


31693 


AGT CAAATTATAGTAAGTAT 


227 


3' UTR 


1948 


24 


31694 


TAGGAGTTGGTGTAAAGGAT 


231 


3 ' UTR 


1982 


65 


31695 


GAAATTATTTAAAATTAGGA 


233 


3 ' UTR 


1997 


17 


31696 


CTCATTTAAGACAGAGTAGA 


235 


3 ' UTR 


2015 


75 


31697 


CATATACATATTTAAGAAAA 


237 


3' UTR 


2051 


0 


31698 


TAATAAGTTACATTTAAATG 


239 


3 1 UTR 


2072 


0 
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31699 


GT7AACAGAGCAAGACT CGGT 


240 


3' UTR 


2103 


31 


31700 


CCCACTGCACTCCAGCCTGG 


243 


3' UTR 


2123 


63 


31701 


GCAGTGAGCCAAGATCACC C 


245 


3 ' UTR 


2140 


52 


31702 


CAGGAGAATGGTGCGAACCC 


248 


3 ' UTR 


2176 


0 


31703 


AGGCTGAGGCAGGAGAATGG 


249 


3 ' UTR 


2185 


57 


31704 


AGGCCAAGCTAATTGGGAGG 


252 


3 ' UTR 


2202 


0 


31705 


CAGATGACTGTAGGCCAAGC 


254 


3 ' UTR 


2213 


48 


31706 


AGGTGTGGTGGCAGATGACT 


21 


3' UTR 


2224 


38 


31707 


GTCTCTACTAAAAGTACAAA 


257 


3 ' UTR 


2253 


28 


31708 


CGGTGAAACCCTGTCTCTAC 


258 


3 ' UTR 


2265 


70 


31709 


GAGGTCAGGAGATCGAGACC 


262 


3 1 UTR 


2298 


o ! 


31710 


TCCCAGCACTTTGGGAGGCC 


266 


3 ' UTR 


2334 


27 


31711 


GTGGCT CATGC CTGTAATC C 


268 


3 ' UTR 


2351 


54 



As shown in Table 14, SEQ ID NOs 42, 54, 75, 78, 81, 84, 
88, 96, 103, 106, 109, 118, 121, 124, 127, 130, 137, 145, 
151, 154, 158, 165, 171, 175, 178, 182, 183, 186, 189, 192, 
5 193, 196, 197, 200, 201, 206, 210, 215, 218, 221, 231, 235, 
243, 245, 249, 254, 258 and 268 demonstrated at least 40% 
inhibition of human mdm2 expression in this assay and are 
therefore preferred. The target sites to which these 
preferred sequences are complementary are herein referred 
10 to as "active sites" and are therefore preferred sites for 
targeting by compounds of the present invention. 

Example 17: Additional Human mdm2 Antisense 
Oligonucleotides 

15 In accordance with the present invention, additional 

oligonucleotides were designed to target regions of the 
human mdm2 RNA, using published sequences (GenBank 
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accession number Z12 02 0, incorporated herein as SEQ ID NO: 
1). The oligonucleotides are shown in Table 15. "Target 
site" indicates the first (5' -most) nucleotide number on 
the particular target sequence to which the oligonucleotide 
5 binds. All compounds in Table 15 are chimeric 

oligonucleotides ("gapmers" ) 20 nucleotides in length, 
composed of a central "gap" region consisting of ten 2 1 - 
deoxynucleotides, which is flanked on both sides (5 1 and 3' 
directions) by f ive-nucleot ide "wings". The wings are 
10 composed of 2 1 -methoxyethyl (2 ' -MOE) nucleotides . The 

internucleoside (backbone) linkages are phosphorothioate 
(P=S) throughout the oligonucleotide. All cytidine 
residues are 5-methylcytidines . 

15 TABLE 15 

Nucleotide Sequence of Human mdm2 chimeric phosphorothioate 
oligonucleotides having 2 1 -MOE wings and a deoxy gap 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ ID 
NO 


REGION 


TARGET 
SITE 


108679 


ACAGACATGTTGGTATTGCA 


276 


Coding 


315 


108680 


AAGCTGGAATCTGTGAGGTG 


277 


Coding 


356 


108681 


GAAGCTGGAATCTGTGAGGT 


278 


Coding 


357 


108682 


CGAAGCTGGAATCTGTGAGG 


279 


Coding 


358 


108683 


C CGAAGCTGGAAT CTGTGAG 


280 


Coding 


359 


108684 


TCCGAAGCTGGAATCTGTGA 


281 


Coding 


360 


108685 


GTTCCGAAGCTGGAATCTGT 


282 


Coding 


362 


108686 


TGTTCCGAAGCTGGAATCTG 


283 


Coding 


363 


108687 


TTGTTCCGAAGCTGGAATCT 


284 


Coding 


364 


108688 


CTTGTTCCGAAGCTGGAATC 


285 


Coding 


365 
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108689 


TCTTGTTCCGAAGCTGGAAT 


286 


Coding 


366 


108690 


CT CTTGTT CCGAAGCTGGAA 


287 


Coding 


367 


108691 


TCTCTTGTTCCGAAGCTGGA 


288 


Coding 


368 


108692 


GTCTCTTGTTCCGAAGCTGG 


289 


Coding 


369 


108693 


AGTCATAATATACTGGCCAA 


290 


Coding 


481 


108694 


TAGTCATAATATACTGGCCA 


291 


Coding 


482 


108695 


TTAGTCATAATATACTGGCC 


292 


Coding 


483 


108696 


CTCCTTCTAGATGAGGTAGA 


293 


Coding 


780 


108697 


TCTCCTTCTAGATGAGGTAG 


294 


Coding 


781 


108698 


CAATAGTCAGCTAAGGAAAT 


295 


Coding 


1200 


108699 


C C AAT AGT C AG C T AAGGAAA 


296 


Coding 


1201 


108700 


TCCAATAGTCAGCTAAGGAA 


297 


Coding 


1202 


108701 


TTCCAATAGTCAGCTAAGGA 


298 


Coding 


1203 


108702 


GGATTCATTTCATTGCATGA 


299 


Coding 


1230 


108703 


GAGTTTTCCAGTTTGGCTTT 


300 


Coding 


1341 


108704 


TGAGTTTTCCAGTTTGGCTT 


301 


Coding 


1342 



Example 18: Additional Human mdm2 Antisense 
Oligonucleotides containing a larger central gap region 

In accordance with the present invention, additional 
5 oligonucleotides were designed to target regions of the 
human mdm2 RNA, using published sequences (GenBank 
accession number Z12020, incorporated herein as SEQ ID NO: 
1). The oligonucleotides are shown in Table 16. "Target 
site" indicates the first (5' -most) nucleotide number on 
0 the particular target sequence to which the oligonucleotide 
binds. All compounds in Table 16 are chimeric 
oligonucleotides ("gapmers") 2 0 nucleotides in length, 
composed of a central "gap" region consisting of twelve 2'- 
deoxynucleotides, which is flanked on both sides (5' and 3' 
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directions) by f our-nucleotide "wings". The wings are 
composed of 2 1 - me thoxy ethyl (2 ' -MOE) nucleotides . The 
internucleoside (backbone) linkages are phosphorothioate 
(P=S) throughout the oligonucleotide. All cytidine 
residues are 5 -methyl cyt idines . 

TABLE 16 

Nucleotide Sequence of Human mdm2 chimeric phosphorothioate 
oligonucleotides having 2 • -MOE wings and a larger deoxy gap 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ ID 
NO 


REGION 


TARGET 
SITE 


116425 


GACCTTGACAAATCACACAA 


302 


Coding 


1622 


116426 


TTTTTAGGTCGACCTTGACA 


303 


Coding 


1632 


116427 


AATGCAACCATTTTTAGGTC 


304 


Coding 


1642 


116428 


TGCCATGGACAATGCAACCA 


305 


Coding 


1652 


116429 


TGTCCTGTTTTGCCATGGAC 


306 


Coding 


1662 


116430 


GGCCATAAGATGTCCTGTTT 


307 


Coding 


1672 


116431 


ATGTAAAGCAGGCCATAAGA 


308 


Coding 


1682 


116432 


TTCTTTGCACATGTAAAGCA 


309 


Coding 


1692 


116433 


GCTTATTCCTTTTCTTTAGC 


310 


Coding 


1712 


116434 


ACTGGGCAGGGCTTATTCCT 


311 


Coding 


1722 


116435 


TTGTCTACATACTGGGCAGG 


312 


Coding 


1732 


116436 


TTTGAATTGGTTGT CTACAT 


313 


Coding 


1742 


116437 


AGCACAAT CATTTGAATTGG 


314 


Coding 


1752 


116438 


GAAATAAGTTAGCACAATCA 


315 


Coding 


1762 


116439 


TCAACTAGGGGAAATAAGTT 


316 


STOP 
CODON 


1772 


116440 


TATAGACAGGTCAACTAGGG 


317 


STOP 
CODON 


1782 


116441 


ATAATTCTCTTATAGACAGG 


318 


3 ' UTR 


1792 
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Example 19: Oligonucleotides designed to nucleotides 1695- 
1714 of Human mdm2 -Modifications to "gap" placement 

In accordance with the present invention, 
oligonucleotides containing several chemical modifications, 
were designed to target nucleotides 1695-1714 of Human mdm2 
(Genbank accession NO: Z12020, incorporated herein as SEQ 
ID NO 1) . These modifications are described in this and 
following examples. 

The oligonucleotides shown in Table 17 are chimeric 
oligonucleotides ("gapmers") 2 0 nucleotides in length, 
composed of a central "gap" region flanked on both sides 
(5' and 3' directions) by nucleotide "wings" represented by 
bolded nucleotides . The wings are composed of 2 1 - 
methoxyethyl (2 ' -MOE) nucleotides . The internucleoside 
(backbone) linkages are phosphorothioate (P=S) throughout 
the oligonucleotide. All cytidine residues are 5- 
methylcyti dines . "Target site" indicates the first (5'- 
most) nucleotide number on the particular target sequence 
to which the oligonucleotide binds. 

TABLE 17 

Chimeric phosphorothioate antisense oligonucleotides 
designed to nucleotides 1695-1714 of Human mdm2 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ ID 
NO 


REGION 


TARGET 
SITE 


104630 


AGCTTCTTTGCACATGTAAA 


15 


Coding 


1695 


105271 


AGCTT CTTTGCACATGTAAA 


15 


Coding 


1695 


107909 


AGCTTCTTTGCACATGTAAA 


15 


Coding 


1695 
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107910 


AGCTTCTTTGCACATGTAAA 


15 


Coding 


1695 


107930 


AGCTTCTTTGCACATGTAAA 


15 


Coding 


1695 


107931 


AGCTTCTTTGCACATGTAAA 


15 


Coding 


1695 


107932 


AGCTTCTTTGCACATGTAAA 


15 


Coding 


1695 


108494 


AGCTTCTTTGCACATGTAAA 


15 


Coding 


1695 


134040 


AGCTTCTTTGCACATGTAAA 


15 


Coding 


1695 



Four oligonucleotides in Table 17 were tested for 
their ability to reduce mdm2 mRNA expression in A549 cells. 
Cells were treated at doses of 30, 100, 200 and 400 nM and 
5 mRNA levels were measured by RT-PCR as described in other 
examples herein. The data were compared to the previously 
identified lead, ISIS 16518. All were capable of reducing 
the expression of Human mdm2 mRNA at the lowest dose, 
except ISIS 107932. The data are shown in Table 18. 

0 

TABLE 18 

Inhibition of Human mdm2 mRNA expression by chimeric 
phosphorothioate antisense oligonucleotides with varying 
gap size and gap placement 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


% 

Inhib. 
(3 0 nM) 


% 

Inhib . 
(100 
nM) 


% 

Inhib . 
(200 
nM) 


% 

Inhib . 
(400 
nM) 


16518 


AGCTTCTTTGCACATGTAAA 


45 


82 


90 


93 


105271 


AGCTTCTTTGCACATGTAAA 


68 


95 


98 


99 


107910 


AGCTTCTTTGCACATGTAAA 


45 


83 


95 


97 


107931 


AGCTTCTTTGCACATGTAAA 


54 


85 


93 


97 


107932 


AGCTTCTTTGCACATGTAAA 


0 


42 


77 


88 
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Example 20: Oligonucleotides designed to nucleotides 1695- 
1714 of Human mdm2 -Modifications to the sugar 

The oligonucleotides shown in Table 19 are chimeric 
oligonucleotides ("gapmers") 2 0 nucleotides in length, 
composed of a central "gap" region flanked on both sides 

(5' and 3' directions) by nucleotide "wings". The 
nucleotide wings are composed of one or more sugar 
modifications including 2 ' -methoxyethyl (2 ' -MOE) , 2 1 -0- 
methylribose, 2 1 -O-propylribose , 2 ' -0- [ (N-palmityl) -6- 
aminohexyl] ribose, 2 • -0- [ (4 - isobutylphenyl ) 
isopropionylaminohexyl] ribose, 2 ' -O-dimethylaminooxyethyl 

( DMAOE ) ribose or 2 1 -0-N- [2- (dimethyl amino) ethyl] acetamido 
ribose. The internucleoside (backbone) linkages are 
phosphorothioate (P=S) throughout the oligonucleotides. 
All cytidine residues are 5 -methylcytidines unless noted. 
All sequences have SEQ ID NO: 15. 



TABLE 19 

Antisense Oligonucleotides with sugar modifications 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


Sugar Modification 


Sugar 
Modification 
Position 


32393 


AGCTTCTTTGCACATGTAAA 


2 1 -O-methylribose 


1,2,19,20 


108495 


AGCTTCTTTGCACATGTAAA* 


2 ' -O-methylribose 


1-5; 16-20 


108496 


AGCTTCTTTGCACATGTAAA* 


2 1 -O-propylribose 


1-5; 16-20 


111496 


AGCTTCTTTGCACATGTAAA 


2 1 -methoxyethyl 
(2 1 -MOE) ribose 


1-5; 16-19 
20 


2 ' -O- [ (4- 
isobutylphenyl) isop 
r op i ony 1 aminohexy 1 ] 
ribose 
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111497 


AGCTTCTTTGCACATGTAAA 


2 1 -methoxyethyl 
(2'-MOE) ribose 


1-5; 16-19 
20 


2' -0- [ (4- 
isobutylphenyl) isop 
ropionylarainohexyl ] 
ribose 


121645 


AGCTTCTTTGCACATGTAAA 


DMAOE 


1-5; 16-20 


123190 


AGCTTCTTTGCACATGTAAA 


2 ' -methoxyethyl 
(2'-MOE) ribose 


3-5; 16-18 


2 ' -O-N- [2- 
(dimethylamino) ethy 
l]acetamido ribose 


1,2; 19,20 



* ISIS 108495 and ISIS 108496 have cytosine residues at 
position 3 . 



Example 21: Oligonucleotides designed to nucleotides 1695- 
1714 of Human mdm2 -Modifications to the linker 

The oligonucleotides shown in Table 2 0 are chimeric 
oligonucleotides ("gapmers") 2 0 nucleotides in length, 

10 composed of an eight 2 1 -deoxynucleot ide central "gap" 

region flanked on both sides (5' and 3' directions) by six- 
nucleotide "wings". The wings are composed of 2 ' - 
methoxyethyl (2 1 -MOE) nucleotides . The internucleoside 
(backbone) linkages are phosphorothioate (P=S) or phosphate 

15 esters. Phosphate ester linkages are noted in bold and are 
in the 5' to 3 1 direction throughout the oligonucleotide. 
Consequently, there is no linker on the final nucleotide. 
All cytidine residues are 5 -methylcytidines . All sequences 
have SEQ ID NO : 15. 
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TABLE 2 0 

Antisense Oligonucleotides with phosphate ester linkage 
modifications 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


119186 


AGCTTCTTTGCACATGTAAA 


119187 


AGCTTCTTTGCACATGTAAA 


119188 


AGCTTCTTTGCACATGTAAA 


119189 


AGCTTCTTTGCACATGTAAA 


119190 


AGCTTCTTTGCACATGTAAA 


119191 


AGCTTCTTTGCACATGTAAA 



Example 22: Oligonucleotides designed to nucleotides 1695- 
1714 of Human mdm2 -Modifications to the heterocycle 

10 The oligonucleotides shown in Table 21 are 

phosphorothioate oligonucleotides 20 nucleotides in length. 
Certain oligonucleotides are composed of a ten 2 1 - 
deoxynucleotide central "gap" region flanked on both sides 
(5' and 3' directions) by f ive -nucleotide "wings". The 

15 wings are composed of 2 ' -methoxyethyl (2 ' -MOE) nucleotides 
and are shown in bold. All other nucleotides are 
2 ' deoxyribose throughout the oligonucleotide. 

The internucleoside (backbone) linkages are 
phosphorothioate throughout the oligonucleotides. As noted 

2 0 in Table 20, certain cytosines have been replaced with the 
cytosine derivative, 1,3- diazaphenoxazine - 2 - one (G-clamp) . 
All other cytidine residues are 5-methylcytidines . All 
sequences have SEQ ID NO: 15. 
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TABLE 21 

Antisense Oligonucleotides with heterocycle modif ications-G 
Clamps 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


Heterocycle 
Modification 


Heterocycle 
Modification 
Position 


109712 


AGCTTCTTTGCACATGTAAA 


G-clamp 


3 


109713 


AGCTTCTTTGCACATGTAAA 


G-clamp 


6 


109714 


AGCTTCTTTGCACATGTAAA 


G- clamp 


11 


109715 


AGCTTCTTTGCACATGTAAA 


G-clamp 


13 


109716 


AGCTTCTTTGCACATGTAAA 


G-clamp 


3, 6 


109717 


AGCTTCTTTGCACATGTAAA 


G-clamp 


11, 13 


109718 


AGCTTCTTTGCACATGTAAA 


G-clamp 


6 


109719 


AGCTTCTTTGCACATGTAAA 


G-clamp 


11 


109720 


AGCTTCTTTGCACATGTAAA 


G-clamp 


13 


109721 


AGCTTCTTTGCACATGTAAA 


G-clamp 


6, 13 


119427 


AGCTTCTTTGCACATGTAAA 


G-clamp 


3 


119428 


AGCTTCTTTGCACATGTAAA 


G-clamp 


3, 11 


119465 


AGCTTCTTTGCACATGTAAA 


G-clamp 


3, 13 



In a further embodiment of the invention, A54 9 cells 
were treated with ISIS 119427 and ISIS 119465 at doses of 
10, 30, 10 0 and 300 nM and the level of Human mdm2 mRNA was 
measured by RT-PCR as described in other examples herein. 
The results are compared to ISIS 16518 and ISIS 121645, 
described previously. The data are shown in Table 22. 
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TABLE 22 

Inhibition of Human mdm2 mRNA expression by chimeric 
phosphorothioate antisense oligonucleotides with modified 
heterocycles 



ISIS # 


% 

Inhib. 
(10 nM) 


% 

Inhib . 
(30 nM) 


% 

Inhib . 
(100 
nM) 


% 

Inhib . 
(300 
nM) 


16518 


25 


70 


84 


99 


121645 


32 


60 


82 


97 


119427 


35 


70 


87 


98 


119465 


35 


75 


97 


100 



Example 23: Oligonucleotides designed to nucleotides 1695- 
1714 of Human mdm2 -Additional Modifications to the 
heterocycle 

In accordance with the present invention, a second 
series of oligonucleotides were designed with modifications 
to the heterocycle base. The oligonucleotides are shown in 
Table 23. ISIS 109728-109731, ISIS 11629, ISIS 121646 and 
ISIS 142 960 are chimeric oligonucleotides ("gapmers") 2 0 
nucleotides in length, composed of a central "gap" region 
consisting of 2 ' -deoxynucleot ides , which is flanked on both 
sides (5' and 3' directions) by nucleotide "wings". The 
wings are composed of 2 ' -methoxyethyl (2 ' -MOE) nucleotides 
and are shown in bolded text. ISIS 109722-109727 are 
phosporothioate oligonucleotides composed only of 2 ■ - 
deoxynucleotides. The internucleoside (backbone) linkages 
are phosphorothioate (P=S) throughout all of the 
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oligonucleotides. Select cytidine residues have been 
modified to 5 -methylcytidine and these positions are noted 
in the table. All sequences have SEQ ID NO: 15. 

TABLE 23 

Phosphorothioate antisense oligonucleotides containing 



modifications to cytidine 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


Heterocycle 
Modification 


Heterocycle 
Modi f icat ion 
Position 


109722 


AGCTTCTTTGCACATGTAAA 


methylcytidine 




109723 


AGCTTCTTTGCACATGTAAA 


methylcytidine 




109724 


AGCTTCTTTGCACATGTAAA 


Cytidine to 5- 
methylcytidine 


3, 6, 13 


109725 


AGCTTCTTTGCACATGTAAA 


Cytidine to 5- 
methyl cytidine 


3, 6, 11 


109726 


AGCTTCTTTGCACATGTAAA 


Cytidine to 5- 
methylcytidine 


11, 13 


109727 


AGCTTCTTTGCACATGTAAA 


Cytidine to 5- 
methyl cytidine 


3, 6 


109728 


AGCTTCTTTGCACATGTAAA 


Cytidine to 5- 
methyl cytidine 


3, 11, 13 


109729 


AGCTTCTTTGCACATGTAAA 


Cytidine to 5- 
methyl cytidine 


3, 6, 13 


109730 


AGCTTCTTTGCACATGTAAA 


Cytidine to 5- 
me thyl cy t idine 


3, 6, 11 


109731 


AGCTTCTTTGCACATGTAAA 


Cytidine to 5- 
me thyl cytidine 


3, 11 


111629 


AGCTTCTTTGCACATGTAAA 


Cytidine to 5- 
methylcyt idine 


3 
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121646 


AGCTTCTTTGCACATGTAAA 


Cytidine to 5- 
methylcytidine 


3, 6 


142960 


AGCTTCTTTGCACATGTAAA 


Cytidine to 5- 
methyl cytidine 


3, 6 



Example 24: Oligonucleotides designed to nucleotides 1695- 
1714 of Human mdm2 -Combinatorial Modifications to the 
heterocycle 

In accordance with the present invention, a series of 
oligonucleotides were designed with modifications to the 
heterocycle base. The oligonucleotides are shown in Table 
24. ISIS 111175-111178, ISIS 139364 and ISIS 142960 are 
chimeric oligonucleotides ("gapmers") 2 0 nucleotides in 
length, composed of a central "gap" region consisting of 
2 ' -deoxynucleotides, which is flanked on both sides (5' and 
3' directions) by nucleotide "wings". The wings are 
composed of 2 ' -methoxyethyl (2 ' -MOE) nucleotides and are 
shown in bolded text. ISIS 111169-111174 and ISIS 138702 
are phosporothioate oligonucleotides composed only of 2 ' - 
deoxynucleotides. The internucleoside (backbone) linkages 
are phosphorothioate (P=S) throughout all of the 
oligonucleotides. Select cytidine residues have been 
modified to 5 -methylcytidine and these positions are noted 
in the table. In addition, certain cytosines have been 
replaced with the cytosine derivative, 1,3- 

diazaphenoxazine-2-one (G-clamp) and these are noted in the 
table. All sequences have SEQ ID NO: 15. 
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TABLE 24 

Phosphorothioate antisense oligonucleotides containing 
multiple modifications to cytidine 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


G- clamp 
Modification 
Position 


5 -methylcy tidine 
Modification 
Position 




AGCTTCTTTGCACATGTAAA 


3 


none 


111170 


AGCTTCTTTGCACATGTAAA 






111171 


AGCTTCTTTGCACATGTAAA 


11 


none 


111172 


AGCTTCTTTGCACATGTAAA 


13 


none 


111173 


AGCTTCTTTGCACATGTAAA 


3, 6 


none 


111174 


AGCTTCTTTGCACATGTAAA 


11, 13 


none 


138702 


AGCTTCTTTGCACATGTAAA 


3, 13 


none 


111175 


AGCTTCTTTGCACATGTAAA 


6 


3 


111176 


AGCTTCTTTGCACATGTAAA 


11 


3 


111177 


AGCTTCTTTGCACATGTAAA 


13 


3 


111178 


AGCTTCTTTGCACATGTAAA 


6, 13 


3 


139364 


AGCTTCTTTGCACATGTAAA 


3, 6 


none 



Example 25: Oligonucleotides designed to nucleotides 1695- 
1714 of Human mdm2 -Conjugate modifications to the 
heterocycle 

In accordance with the present invention, a series of 
10 oligonucleotides were designed with modifications to the 
sugar. The oligonucleotides are shown in Table 25. Both 
oligonucleotides are chimeric oligonucleotides ("gapmers") 
20 nucleotides in length, composed of a central "gap" 
region consisting of 2 ' -deoxynucleotides , which is flanked 
15 on both sides (5 1 and 3' directions) by nucleotide "wings". 
The wings are composed of 2 ' -methoxyethyl (2'- 
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MOE) nucleotides and are shown in bolded text. The 
internucleoside (backbone) linkages are phosphorothioate 
(P=S) throughout the oligonucleotides. Select cytidine 
residues have been modified to 5-methylcytidine and these 
positions are noted in the table. The sugar has been 
modified to 2 ' - (gamma -Folate) at position four for ISIS 
122705 and to 2 • -O-taxol at position 20 for ISIS 13427. All 
sequences have SEQ ID NO: 15. 



TABLE 2 5 

Phosphorothioate antisense oligonucleotides containing 
modifications to the sugar 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


Conjugate and 
Position 


5 -methyl - 
cytidine 
Modification 
Position 


122705 


AGCTTCTTTGCACATGTAAA 


2 ' - (garama- 
Folate) ; 4 


3 


134247 


AGCTTCTTTGCACATGTAAA 


2' -O-taxol; 20 


3, 6 



Example 26: Oligonucleotides designed to nucleotides 1695- 
1714 of Human mdm2 -Propynyl and phenoxazine modifications 
to the heterocycle 

In accordance with the present invention, certain 
oligonucleotides were designed with modifications to the 
heterocycle. The oligonucleotides are shown in Table 26. 
All of the oligonucleotides are chimeric oligonucleotides 
("gapmers") 2 0 nucleotides in length, composed of a central 
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"gap" region consisting of 2 ' -deoxynucleotides , which is 
flanked on both sides (5' and 3' directions) by nucleotide 
"wings". The wings are composed of 2 1 - me thoxy ethyl (2 1 - 
MOE) nucleotides and are shown in bolded text. The 
5 internucleoside (backbone) linkages are phosphorothioate 
(P=S) throughout the oligonucleotides. Cytidine residues 
have been replaced by either 5- (1-propynyl) cytidine or 
phenoxazine and these positions are noted in Table 26. In 
combination, other residues have been replaced by uracil or 
10 5-propynyl uracil and these are noted in the Table 26. All 
sequences have SEQ ID NO: 15. 

TABLE 26 

15 Phosphorothioate antisense oligonucleotides containing 

modifications to the heterocycle 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


5-U- 
propyn- 

yi) 

cytidine 


Phenox- 
azine 


5- 

propynyl 
uracil 


Uracil 


130599 


AGCTTCTTTGCACATGTAAA 


3,6, 
11,13 


none 


4,5,7,8, 
9, 15,17 


None 


130719 


AGCTTCTTTGCACATGTAAA 


None 


3 , 6, 11, 
13 


4,5,7,8, 
9,15,17 


none 


130724 


AGCTTCTTTGCACATGTAAA 


none 


3, 6, 11, 
13 


none 


7,8,9 



20 
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Example 27: Additional oligonucleotides designed to Human 
mdm2-Propynyl and phenoxazine modifications to the 
heterocycle 

In accordance with the present invention, certain 
oligonucleotides were designed to target additional regions 
of the human mdm2 RNA, using published sequences (GenBank 
accession number Z12020, incorporated herein as SEQ ID NO: 
1) with modifications to the heterocycle. The 
oligonucleotides are shown in Table 27. "Target site" 
indicates the first (5' -most) nucleotide number on the 
particular target sequence to which the oligonucleotide 
binds. All of the oligonucleotides are chimeric 
oligonucleotides ("gapmers") 2 0 nucleotides in length, 
composed of a central "gap" region consisting of 2'- 
deoxynucleotides, which is flanked on both sides (5' and 3' 
directions) by nucleotide "wings". The wings are composed 
of 2 1 -methoxyethyl (2 ' -MOE) nucleotides and are shown in 
bolded text. The internucleoside (backbone) linkages are 
phosphorothioate (P=S) throughout the oligonucleotides. All 
cytidine residues in ISIS 130600-130602 have been replaced 
by 5- (1-propynyl) cytidine while all cytidine residues in 
ISIS 130720-130722 and ISIS 13 0725-130727 have been 
replaced by phenoxazine. In combination, all thymidine 
residues in ISIS 130600-130602 and ISIS 130720-130722 have 
been replaced by 5-propynyl uracil while all thymidine 
residues in ISIS 130725-130727 have been replaced by 
uracil . 
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TABLE 27 

Phosphorothioate antisense oligonucleotides containing 
modifications to the sugar 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ ID 
NO 


REGION 


TARGET 
SITE 


130600 


CAGGTTGTCTAAATTCCTAG 


212 


Coding 


1832 


130601 


TGCCATGGACAATGCAACCA 


305 


Coding 


1652 


130602 


GCTTATT CCTTTT CTTTAGC 


310 


Coding 


1712 


130720 


CAGGTTGTCTAAATTCCTAG 


212 


Coding 


1832 


130721 


TGCCATGGACAATGCAACCA 


305 


Coding 


1652 


130722 


GCTTATTCCTTTTCTTTAGC 


310 


Coding 


1712 


130725 


CAGGTTGTCTAAATTCCTAG 


212 


Coding 


1832 


130726 


TGCCATGGACAATGCAACCA 


305 


Coding 


1652 


130727 


GCTTATTCCTTTTCTTTAGC 


310 


Coding 


1712 



5 ----- 

Example 28: Reduction of mdm2 mRNA levels in SJSA-1 cells 
by ISIS 16518 

In accordance with the present invention, the 
reduction of mdm2 RNA levels was investigated in other cell 

10 types. SJSA-1 cells, an osteosarcoma cell line with 

increased mdm2 expression, were treated at 50, 100, 2 00 and 
400 nm with ISIS 16518 and mRNA levels measured by Northern 
blot at endpoints of 6 and 24 hours post - treatment . Levels 
of p21 induction were also measured concurrently. The data 

15 are shown in Table 28. 
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TABLE 2 8 

Mdm2 reduction and p21 induction in SJSA-1 cells after 
treatment with ISIS 16518 



Endpoint 


% mRNA Inhibition 




50 nM 


100 nM 


200 nM 


400 nM 


mdm2 levels 
(6 Hrs.) 


80 


78 


80 


75 


mdm2 levels 
(24 Hrs.) 


70 


65 


65 


75 




Fold Induction 


p21 levels 
(6 Hrs.) 


2 . 1 


2 .5 


2 . 5 


1.8 


P21 levels 
(24 Hrs.) 


2 . 3 


6 . 5 


8 


9 



Example 29: Effects of antisense inhibition of Human mdm2 
expression on apoptosis 

Using the flow cytometry technique of FACS 
(fluorescence-activated cell sorting) the induction of 
apoptosis, as a function of percent hypodiploidy , was 
measured in several cell lines after treatment with 
antisense oligonucleotides. HT1080 cells, a human 
fibrosarcoma cell line with low levels of mdm2 expression, 
were treated at doses of 50, 100, 200 and 300 nM with ISIS 
16518, ISIS 116428, ISIS 111175, ISIS 119465 and the 
scrambled control, ISIS 17605 via the lipofectin mediated 
transfection protocol described previously. The levels of 
hypodiploidy of the treatment groups measured at 4 8 hours 
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were compared to the control group which received no 
oligonucleotide treatment. No data is indicated by N.D. 
The data are shown in Table 29. The greatest amount of 
apoptosis is observed upon treatment with ISIS 119465 and 
5 ISIS 111175 and this occurred in a dose -dependent manner. 

TABLE 29 

Induction of apoptosis in HT1080 cells by antisense 
oligonucleotides 

10 



ISIS # 


NUCLEOTIDE SEQUENCE 
<5'-> 3') 


SEQ 
ID 
NO 


TARGET 
SITE 


% Hypodiploid-> 


/ 


50 nM 


100 nM 


200 nM 


3 00 nM 




No oligo group 






N.D. 


1 . 6 


1.7 


1.6 


17605 


Scrambled control 


24 




N.D. 


2.2 


2 .4 


4.5 


16518 


AGCTTCTTTGCACATGTAAA 


15 


1695 


N.D. 


1.7 


6.2 


N.D. 


116428 


TGCCATGGACAATGCAACCA 


305 


1652 


N.D. 


4 


5 . 5 


9.8 


111175 


AGCTTCTTTGCACATGTAAA 


15 


1695 


5 


15 


38 


N.D. 


119465 


AGCTTCTTTGCACATGTAAA 


15 


1695 


7 


43 


48 


N.D. 



In a similar experiment, SJSA-1 cells which have a 
high level of mdm2 expression were also treated with these 
15 oligonucleotides and apoptosis levels measured at 48 hours. 
These data are shown in Table 30. N.D. indicates no data 
for that treatment group. The data demonstrate that ISIS 
111175 induces apoptosis to the greatest extent and that 
this increase occurs in a dose -dependent manner. 

20 
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TABLE 3 0 

Induction of apoptosis in SJSA-1 cells by antisense 
oligonucleotides 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ ID 
NO 


TARGET 
SITE 


% 

Hypodiploidy 




100 nM 


200 
nM 


300 nM 




No oligo group 






3.8 


N.D. 


N.D. 


17605 


Scrambled control 


24 




.5 


1.5 


7 


16518 


AGCTTCTTTGCACATGTAAA 


15 


1695 


1.0 


3.5 


N.D. 


116428 


TGCCATGGACAATGCAACCA 


305 


1652 


2 . 1 


4 . 1 


10 . 1 


111175 


AGCTTCTTTGCACATGTAAA 


15 


1695 


17 


35 


45 



Example 30: Effects of antisense inhibition of Human mdm2 
expression on apoptosis-A549 cells 

In a similar experiment, human A549 cells were treated 
with 200 nM of antisense oligonucleotides and levels of 
apoptosis were measured at 24 and 48 hours. The data are 
shown in Table 31. N.D. indicates no data. The data 
demonstrate that ISIS 111173 and ISIS 119465 each induce 
apoptosis in a time -dependent manner and to the greatest 
extent . 
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TABLE 31 

Induction of apoptosis in A549 cells by antisense 
oligonucleotides 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ 
ID 
NO 


TARGET 
SITE 


% 

Hypodip- 
loidy (24 
Hr.) 


% 

Hypodip - 
loidy (48 
Hr.) 


17605 


Scrambled control 


24 




1.5 


0.8 


16518 


AGCTTCTTTGCACATGTAAA 


15 


1695 


3.2 


3.1 


105271 


AGCTTCTTTGCACATGTAAA 


15 


1695 


1 . 8 


3 .6 


116428 


TGCCATGGACAATGCAACCA 


305 


1652 


5.4 


7.1 


116433 


GCTTATTCCTTTTCTTTAGC 


310 


1712 


2 . 0 


4.6 


31539 


CAGGTTGTCTAAATTCCTAG 


212 


1832 


1 . 7 


1.5 


111173 


AGCTTCTTTGCACATGTAAA 


15 


1695 


8 


28 


119465 


AGCTTCTTTGCACATGTAAA 


15 


1685 


10 


35 



5 

Example 31: Effects of antisense inhibition of Human mdm2 
expression on apoptosis -HeLa cells 

To investigate the effects of p53 status (p53 is a 
tumor suppressor gene) on the effects of the antisense 

10 oligonucleotides, HeLa cells, which have a mutant p53, were 
treated with ISIS 16518, ISIS 116428 and the scrambled 
control, ISIS 17605 at 100 and 200 nM and FACS analysis was 
performed at 24 and 48 hours post - treatment . The data are 
shown in Table 32. It was determined that ISIS 16518 and 

15 ISIS 116428 have different affects on apoptosis in HeLa 
cells . 
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TABLE 32 

Induction of apoptosis in HeLa cells by antisense 
oligonucleotides 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5>-> 3') 


SEQ 
ID 
NO 




24 Hours 


48 Hours 


TARGET 
SITE 


100 
nM 


200 
nM 


100 
nM 


200 nM 


17605 


Scrambled control 


24 




2.5 


3 


3 


3 


16518 


AGCTTCTTTGCACATGTAAA 


15 


1695 


6.5 


15 


15 


22 


116428 


TGCCATGGACAATGCAACCA 


305 


1652 


3 .5 


5 . 5 


6 


7.5 



Example 32: Inhibition of mdm2 and induction of apoptosis 
by a series of modified antisense oligonucleotides-16518 
series 

Derivatives of ISIS 16518 (SEQ ID NO: 15), a chimeric 
10 oligonucleotide described previously, were investigated for 
improved properties of target reduction and induction of 
apoptosis in HT1080, SJSA-1 and A549 cells. 

Cells were treated with ISIS 130599 (propyne 
derivative) , ISIS 130724 (phenoxazine derivative) and ISIS 
15 130719 (propyne/phenoxaxine derivative) at doses of 50, 100 
and 3 00 nM for Northern blot analysis of mdm2 mRNA 
expression. Results were compared to ISIS 16518. 

For FACS analyses, cells were treated with 100, 200 
and 3 00 nM doses and percent hypodiploidy (measure of 
20 apoptosis) compared to that of ISIS 16518. The data are 
shown in table 33. N.D. indicates no data. 
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TABLE 33 

Reduction of mdm2 expression and induction of apoptosis in 
cells by modified antisense oligonucleotides 





mdm2 target expression (% Inhibition) 


ISIS 

# 


HT1080 


SJSA-1 cells 


A549 cells 


50 nM 


100 nM 


300 nM 


50 nM 


100 nM 


300 nM 


50 nM 


100 nM 


300 nM 


16518 


0 


20 


80 


50 


60 


40 


50 


75 


75 


130599 


0 


80 


96 


25 


40 


70 


50 


80 


95 


130724 


0 


40 


70 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


130719 


0 


75 


98 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 






Induction of Apoptosis (% Hyj 


jodiploidy) 




HT1080 cells 


SJSA-1 cells 


A549 cells 




100 nM 


200 nM 


300 nM 


100 nM 


200 nM 


300 nM 


100 nM 


200 nM 


300 nM 


16518 


N.D. 


N.D. 


N.D. 


3 


6 


8 


3 


5 


24 


130599 


N.D. 


N.D. 


N.D. 


7 


9 


14 


18 


30 


38 


130724 


N.D. 


N.D. 


N.D. 


1.5 


2.5 


4.5 


N.D. 


N.D. 


N.D. 


130719 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 



5 

Example 33: Inhibition of mdm2 and induction of apoptosis 
by a series of modified antisense oligonucleotides- 116428 
series 

Derivatives of ISIS 116428 (SEQ ID NO: 305) , a 
10 chimeric oligonucleotide described previously, were 

investigated for improved properties of mdm2 mRNA target 
reduction and induction of apoptosis in HT1080, SJSA-1 and 
A549 cells. 

Cells were treated with ISIS 130601 (propyne 
15 derivative) , ISIS 130726 (phenoxazine derivative) and ISIS 
130721 (propyne/phenoxaxine derivative) at doses of 50, 100 



ISPH-0622 



-144- 



PATENT 



and 3 00 nM for Northern blot analysis of mdm2 mRNA 
expression. Results were compared to ISIS 116428. 

For FACS analyses, cells were treated with 100, 200 
and 300 nM doses and percent hypodiploidy (measure of 
5 apoptosis) compared to that of ISIS 116428. The data are 
shown in Table 34 . 

TABLE 34 

Reduction of mdm2 expression and induction of apoptosis in 
10 cells by modified antisense oligonucleotides 





mdm2 target expression (% Inhibition) 


ISIS 

# 


HT1080 


SJSA-1 cells 


A549 cells 


50 nM 


100 nM 


300 nM 


50 nM 


100 nM 


300 nM 


50 nM 


100 nM 


300 nM 


116428 


0 


0 


99 


0 


75 


75 


20 


50 


75 


130601 


0 


75 


95 


0 


75 


75 


40 


50 


70 


130726 


0 


80 


95 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


130721 


0 


75 


98 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 






Induction of Apoptosis (% Hyi 


jodiploidy) 




HT1080 cells 


SJSA-1 cells 


A549 cells 




100 nM 


200 nM 


3 00 nM 


100 nM 


2 00 nM 


300 nM 


100 nM 


200 nM 


300 nM 


116428 


N.D. 


N.D. 


N.D. 


3 


7 


9 


3 


10 


12 


130601 


N.D. 


N.D. 


N.D. 


10 


8 


25 


5 


32 


37 


130726 


N.D. 


N.D. 


N.D. 


1.5 


5.8 


11 


N.D. 


N.D. 


N.D. 


130721 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 



15 
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Example 34: Use of CYTOFECTIN™ reagent to improve in vitro 
delivery of antisense oligonucleotides in SJSA-1 cells 

In accordance with the present invention, the 
antisense oligonucleotide delivery properties of the 
5 transfection reagent, Cytofectin™, were investigated. 

In these studies, SJSA-1 cells were treated with a 
series of derivatives of the chimeric phosphorothioate 
oligonucleotide, ISIS 16518 (SEQ ID NO 15) . ISIS 111175 
(contains one G-clamp) and ISIS 119465 (contains two G- 

10 clamps) each contain at least one G-clamp, while ISIS 

130599 is a propyne derivative. ISIS 130599 contains 5- 
propynyl cytidine at positions 3, 6, 11 and 13 in addition 
to 5-propynyluracil at positions 4, 5, 7,8 9, 15 and 17. 
The control olignonucleotide, ISIS 133541 

15 (TTCGACAGATCTCTATAGTA; SEQ ID NO 319) contains one G-clamp 
at position 6 and is a scramble of ISIS 16518. 

Doses were 0.5, 1, 5, 10, 50 and 100 nM for four hours 
in the presence of 6 g/mL CYTOFECTIN™, washed and allowed 
to recover for an additional 20 hours. Total RNA was 

20 extracted and 15-20 g of each was resolved on 1% gels and 
transferred to nylon membranes. The blots were probed with 
a 32 P radiolabeled mdm2 cDNA probe and then stripped and 
reprobed with a radiolabeled G3PDH probe to confirm equal 
RNA loading. Levels of mdm2 and p21 transcripts were 

2 5 examined and quantified with a Phosphorlmager (Molecular 
Dynamics, Sunnyvale, CA) . Results are shown in Table 35. 

In this experiment, levels of mdm2 expression are 
reduced upon treatment with all oligonucleotides relative 
to control with the greatest reduction occurring upon 
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treatment with the G-clamp antisense oligonucleotides. At 
the same time, there was a six fold induction of p21 levels 
in the G-clamp treatment group as compared to a four- fold 
induction in the ISIS 16518 treated group relative to 
5 control . Comparisons with the propyne derivative reveal 
the same trends with a decrease in mdm2 expression level 
and and increase in p21 levels. Cytofectin™ therefore, can 
be used as an effective transfection reagent with antisense 
oligonucleotides containing a variety of chemical 
10 modifications. In addition, it is clear that the G-clamp 
oligonucleotides are most effective in reducing mdm2 
expression levels in this assay. 

TABLE 35 

15 Reduction of mdm2 expression levels in SJSA-1 cells by 

antisense oligonucleotides transfected with Cytofectin™ 



Isis # 


% Reduction mdm2 


Fold Induction p21 




Oligonucleotide Dose (nM) 


Oligonucleotide Dose (nM) 




0.5 


1 


5 


10 


50 


100 


0.5 


1 


5 


10 


50 


100 


16518 


15 


25 


40 


60 


65 


70 


1.5 


2 


3.5 


4 




4 


111175 


70 


60 


75 


75 


85 


90 


1.5 


2.5 


5 


5.5 


6 


5 . 5 


133541 


40 


45 


50 


45 


30 


20 


1 


1 


1 


1 


1 


1 


119465 


50 


60 


70 


80 


90 


85 


1.8 


2.4 


3 . 8 


4.5 


5.5 


5.5 


130599 


60 


75 


80 


70 


75 


75 


1.5 


1.7 


3.3 


3 .5 


3.5 


2.5 



In a similar experiment using the same transfection 
20 protocol, SJSA-1 cells were treated with a series of 
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propynyl derivatives of the chimeric phosphorothioate 
oligonucleotides, ISIS 16518 (SEQ ID NO 15) , ISIS 31539 
(SEQ ID NO 212) and ISIS 116428 (SEQ ID NO 305) . 

ISIS 130599 described previously and its mismatch 
5 control ISIS 138222 (SEQ ID NO 320; AAATGTACACGTTTCTTCGA ; 
containing 5-propynyluracil at positions 4, 6, 12, 13, 14, 
16 and 17 and 5- (1-propynyl) cytidine at positions 8, 10 and 
18) are propyne derivatives of ISIS 16518. 

ISIS 130600 described previously and its mismatch 
10 control ISIS 138223 (SEQ ID NO 321; GATCCTTAAATCTGTTGGAC ; 

containing 5-propynyluracil at positions 3, 6, 7, 11, 13, 
15 and 16 and 5 -( 1 -propynyl ) cytidine at positions 4, 5, 12 
and 20) are propyne derivatives of ISIS 31539. 

ISIS 13 0601 described previously and its mismatch 

15 control ISIS 138224 (SEQ ID NO 322; ACCAACGTAACAGGTACCGT ; 
containing 5-propynyluracil at positions 8, 15 and 2 0 and 
5- (1-propynyl) cytidine at positions 2, 3, 6, 11, 17 and 18 
are propyne derivatives of ISIS 116428 . 

Doses were 0.1, 0.5, 5, 10 and 100 nM for four hours 

2 0 in the presence of 6 j^g/mL CYTOFECTIN™, washed and allowed 
to recover for an additional 2 0 hours. Total RNA was 
extracted and 15-20 jug of each was resolved on 1% gels and 
transferred to nylon membranes. The blots were probed with 
a 32 P radiolabeled mdm2 cDNA probe and then stripped and 

25 reprobed with a radiolabeled G3PDH probe to confirm equal 
RNA loading. Levels of mdm2 and p21 transcripts were 
examined and quantified with a Phosphorlmager (Molecular 
Dynamics, Sunnyvale, CA) . Results are shown in Table 36. 
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In this experiment, levels of mdm2 expression are 
reduced upon treatment with all oligonucleotides relative 
to control with the greatest reduction occurring upon 
treatment with the propynyl antisense oligonucleotides. At 
5 the same time, there was a five-fold induction of p21 

levels in the propynyl treatment group relative to control. 
Comparisons with the G-clamp derivative reveals the same 
trends with a decrease in mdm2 expression level and and 
increase in p21 levels. 

10 

TABLE 36 

Reduction of mdm2 expression levels in SJSA-1 cells by 
propynyl antisense oligonucleotides transfected with 
Cytofectin™ 

15 



Isis # 


% Reduction mdm2 


Fold Induction p21 


Oligonucleotide Dose (nM) 


Oligonucleotide Dose (nM) 




0.1 


0.5 


5 


10 


100 


0.1 


0.5 


5 


10 


100 


16518 


15 


17 


22 


62 


65 


l 


1 . 1 


1.5 


2 . 5 


2 . 3 


130599 
(propyne) 


25 


52 


68 


62 


65 


1 


1.2 


2 . 3 


3 


2.4 


138222 
(control) 


10 


12 


10 


18 


20 


1 


1 


1 


1.3 


2 


31539 


0 


0 


0 


18 


50 


1 


1.2 


1.7 


2.5 


2.8 


130600 
(propyne) 


0 


0 


18 


50 


65 


1.1 


1.2 


1.8 


3.2 


3.4 


138223 
(control) 


0 


18 


0 


0 


22 


1 


1 


1 


1.1 


1.3 
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116428 


15 


5 


10 


42 


60 


1 


1 


1.3 


2.4 


3.5 


130601 
(propyne) 


15 


42 


53 


53 


60 


1.1 


1.3 


1 . 7 


3 . 3 


5 


138224 
(control) 


10 


0 


0 


0 


0 


1 


1 


1 


1 . 1 


1.3 



Example 35: Time course studies of the effects of antisense 
inhibition of mdm2 expression in SJSA-1 cells by G-clamp 
5 antisense oligonucleotides 

In accordance with the present invention, time-course 
studies were performed to compare the reduction in mdm2 
expression levels by antisense oligonucleotides containing 
various chemistries. 

10 In these studies, SJSA-1 cells were treated with 100 

and 200 nM of a series of derivatives of the chimeric 
phosphorothioate oligonucleotide, ISIS 16518 (SEQ ID NO 
15) . Antisense oligonucleotides previously described and 
containing two G-clamp modifications (ISIS 111173, 111176 

15 and 119465) were compared to ISIS 16518 and 116428 for 
their ability to reduce mdm2 expression over time. The 
control, ISIS 133543 (TTCGACAGATCTCTATAGTA, SEQ ID NO 323; 
contains a G-clamp in positions 3 and 13) , was a chimeric 
oligonucleotide ("gapmer") 2 0 nucleotides in length, 

20 composed of a central "gap" region consisting of ten 2'- 

deoxynucleotides, which is flanked on both sides (5' and 3' 
directions) by f ive-nucleotide "wings". The wings are 
composed of 2 ' -methoxyethyl (2 ' -MOE) nucleotides . The 
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internucleoside (backbone) linkages are phosphorothioate 
(P=S) throughout the oligonucleotide. 

At time points of 6, 24 and 48 hours after treatment, 
total RNA was extracted and 15-2 0 jig of each was resolved 
5 on 1% gels and transferred to nylon membranes. The blots 
were probed with a 32 P radiolabeled mdm2 cDNA probe and then 
stripped and reprobed with a radiolabeled G3PDH probe to 
confirm equal RNA loading. Levels of mdm2 transcripts were 
examined and quantified with a Phosphorlmager (Molecular 

10 Dynamics, Sunnyvale, CA) . Results are shown in Table 37. 
From the data, ISIS 111173 has the greatest reduction of 
target expression and the longest duration of action. In 
general, the G- clamp containing oligonucleotides showed the 
greatest reduction in expression as well as the longest 

15 duration of action. 

TABLE 37 

Effects of G- clamp antisense oligonucleotides on mdm2 
expression over time 





% Reduction mdm2 


ISIS # 


6 Hr. 


6 Hr. 


24 Hr. 


48 Hr. 




(100 nM) 


(200 nM) 


(100 nM) 


(100 nM) 


Saline 


0 


0 


0 


0 


133543 (control) 


70 


18 


10 


0 


111173 


98 


95 


99 


95 


111178 


90 


98 


93 


85 


119465 


94 


85 


85 


79 
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Example 36: Antisense oligonucleotides designed to mouse 
mdm2 . 

In accordance with the present invention, 
oligonucleotides were designed to target regions of the 
mouse mdm2 RNA, using published sequences (GenBank 
accession number U4 7934, incorporated herein as SEQ ID NO: 
324). The oligonucleotides are shown in Table 38. "Target 
site" indicates the first (5' -most) nucleotide number on 
the particular target sequence to which the oligonucleotide 
binds. All compounds in Table 38 are chimeric 
oligonucleotides ("gapmers") 20 nucleotides in length, 
composed of a central "gap" region consisting of ten 2'- 
deoxynucleotides, which is flanked on both sides <5' and 3' 
directions) by f ive -nucleotide "wings". The wings are 
composed of 2 ' -methoxyethyl (2 1 -MOE) nucleotides . The 
internucleoside (backbone) linkages are phosphorothioate 
(P=S) throughout the oligonucleotide. All cytidine 
residues are 5 -methyl cyt idines . 

TABLE 38 

Nucleotide Sequence of Mouse mdm2 chimeric phosphorothioate 
oligonucleotides having 2 • -MOE wings and a deoxy gap 



NUCLEOTIDE SEQUENCE 

ISIS # , 

i (5'-> 3') 


j SEQ ID ! 

j NO ; 


REGION j 


TARGET 
SITE 


27172 GGTAGACACAGACATGTTGG 


' 325 L 


Coding | 


11 
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; 27173 


TGGTCTAACCAGAGTCTCTT 


326 


Coding 


71 


• 27174 


TCACAGAGAAACTCGGGACT 


L 327 


Coding ] 


261 


: 27175 


_ AGATCATTGCATATATTTTC 


! 328 


Coding j 


_291_ 


27176 


GTGC CAGAGTCTTGCTGACT 


' 329 


i Coding ! 


_ 331 


L 27177 


ACTCCCACCTTCAGGCTGAC 


330 


• Coding . 


_ 3 71 


i 

! 111649 


GATCACTCCCACCTTCAGGC 


331 


, Coding ' 


3 75 


! 27178 


GAAGATGAAGGTTTCTCTTC 


332 


Coding 


421 


' 27179 


GATGAGGTAGACAGTCTAGA 


333 


Coding 


451 


f 27180 


TCTTCTGTCTCACTAATGGA 


334 


Coding 


481 


, 27181 


CAGGTAGCTCATCTGTGTTC 


335 


Coding 


501 


i 27182 


GCGCTTCCGGTGCCGCTCCC 


336 


Coding 


521 


5 27183 


TCAAAGGACAGGGACCTGCG 


337 


Coding , 


541 


. 27184 


CACACAGACCCAGGCTCGGA 


338 


Coding 


561 


„2J718_5 


JTGCTGCCGCCGCTGCACATC 


339 


' Coding , 


591 


27186 


TGGACTCGCTGCTGCTGCTG 


340 


I Coding i 


621 


27187 


CTTACGCCATCGTCAAGATC 


_341_ 


Coding j 


661 _ 


" 27188 


AGAAA.CTGAATCCTGATCCA 


342 


; Coding ; 


701 


\ 27189 


AGTCCAGAGACTCAACTTCA 


343 


Coding 


741 


27190 


GTGACCCGATAGACCTCATC 


344 


Cc ding 


_811 


,_2 7191 


TCTGTATCGCTTTCTCCTGT 


_345 


Coding 1 


841 


| .27192 


GCATCTTTTGCAGTGTGATG 


346 


Coding 


941 


27193 


GTCTGGAAGCCAGTTCTCAC 


347 


Coding 


_. 971 


27194 


TGGCTTTTTCAGAGATTTCC 


348 


Coding [ 


1011 


27195 


TGGCTGCTATAAACAATGCT 


349 


1 Coding ' 


1201 


27196 


CTAGATTCCACACTCTCGTC 


_ 350 


Coding : 


1261 


27197 


CAGCCATTTTTAGGCCGCCC 


351 


: Coding ! 


1321 


105789 


AGCTTCTTTGCACACGTGAA 


3 52 


Coding ! 


1378 


27198 


TTTAGCTTCTTTGCACACGT 


353 


Coding ; 


1381 


27199 


CTGCACACTGGGCAGGGCTT 


354 


Coding j 


1411 


27200 I 


TAAGTTAGCACAATCATTTG i 355 


Coding 


1441 
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Example 37: Additional antisense oligonucleotides designed 
to nucleotides 1261-1280 of mouse mdm2 -Modifications to the 
heterocycle 

In accordance with the present invention, a series of 
5 oligonucleotides having the starting sequence of ISIS 27196 
were designed to incorporate the G-clamp modification 
described previously. These oligonucleotides are shown in 
Table 39. The oligonucleotides are phosphorothioate 
oligonucleotides 2 0 nucleotides in length composed of a ten 

10 2 1 -deoxynucleotide central "gap" region flanked on both 
sides (5' and 3' directions) by f ive-nucleotide "wings". 
The wings are composed of 2 ' -methoxyethyl (2 1 - 
MOE) nucleotides . All other nucleotides are 2 ' deoxyribose 
throughout the oligonucleotide. The internucleoside 

15 (backbone) linkages are phosphorothioate throughout the 

oligonucleotides. As noted in Table 39 in bolded notation, 
certain cytosines have been replaced with the cytosine 
derivative, 1 , 3 -diazaphenoxazine-2 -one (G-clamp). All 
other cytidine residues are 5 -methylcytidines . All 

2 0 sequences have SEQ ID NO : 15. 



Additional antisense oligonucleotides targeting mouse mdm2 



TABLE 39 



containing G-clamp modifications 



25 



ISIS # 



NUCLEOTIDE SEQUENCE 



(5'-> 3>) 



143704 



CTAGATTCCACACTCTCGTC 
CTAGATTCCACACTCTCGTC 




143705 
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'1 



1 143706 ■ 


C TAG AT T C C A C A C T C TCGTC 


j 143707 j 


CTAGATTCCACACTCTCGTC ' 


' 143708 | 


CTAGATTCCACACTCTCGTC 


; 143709 | 


CTAGATTCCACACTCTCGTC 


143710 


CTAGATTCCACACTCTCGTC 



Example 38: Oligonucleotides designed to nucleotides 2161- 
1280 of mouse mdm2 -Propynyl and phenoxazine modifications 
to the heterocycle 

In accordance with the present invention, a series of 
oligonucleotides having the starting sequence of ISIS 27196 
were designed to incorporate the propynyl and phenoxazine 
modifications described previously. The oligonucleotides 
are shown in Table 40. All of the oligonucleotides are 
chimeric oligonucleotides ("gapmers") 20 nucleotides in 
length, composed of a central "gap" region consisting of 
2 ' -deoxynucleotides, which is flanked on both sides (5' and 
3' directions) by nucleotide "wings". The wings are 
composed of 2 ' -methoxyethyl (2 ' -MOE) nucleotides and are 
shown in bolded text. The internucleoside (backbone) 
linkages are phosphorothioate (P=S) throughout the 
oligonucleotides. Cytidine residues have been replaced by 
either 5- (1 -propynyl) cytidine or phenoxazine and these 
positions are noted in Table 40. In combination, other 
residues have been replaced by uracil or 5 -propynyl uracil 
and these are also noted in the Table 40. All sequences 
have SEQ ID NO: 15. 
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TABLE 4 0 

Phosphorothioate ant i sense oligonucleotides containing 
propyne and phenoxazine modifications to the heterocycle 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5--> 3') 


5- (1- 
propynyl 
) 

cytidine 


Phen- 
oxazine 


5- 

propyn- 

yi 

uracil 


Uracil 


13063 


CTAGATTCCACACTCTCGTC 


1, 8, 9, 
11, 13, 
15, 17, 
20 


None 


2, 6, 
7, 14, 
16, 19 


None 


130723 


CTAGATTCCACACTCTCGTC 


None 


1/ 8, 9, 
11, 13, 
15, 17, 

20 


2, 6, 
7, 14, 
16, 19 


None 


130728 


CTAGATTCCACACTCTCGTC 


None 


1, 8, 9, 
11, 13, 
15, 17, 
20 


None 


6, 7, 
14 



Example 39: Effects of cellular p53 status on the activity 
of antisense oligonucleotides targeting mdm2 in vitro 

It is known that, in addition to mediating p53 
degradation, the mdm2 promoter contains a p5 3 response 
element. It is therefore likely that p53 participates in a 
feedback loop that regulates the expression of mdm2 . 

In an effort to elucidate the underlying mechanism of 
this feedback loop, species-specific antisense 
oligonucleotides designed to human mdm2 (ISIS 16518; SEQ ID 
NO: 15) and mouse mdm2 (ISIS 27196; SEQ ID NO: 350) were 
tested in both in vitro and in vivo experiments for their 
reduction of mdm2 levels and induction of p21 levels. 

HCT116 cells and a derivative thereof (containing a 
disruption in the p53 gene (p53 -/-) generated by the 
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methods of Bunz, F., et al . , Science, 1998, 282, 1497-1501) 
are human colorectal carcinoma cells. 

HCT116 and HCT116 (p53 -/-) cells were routinely 
cultured in complete McCoy's 5A basal media (Gibco/Life 
5 Technologies, Gaithersburg, MD) supplemented with 10% fetal 
calf serum (Gibco/Life Technologies, Gaithersburg, MD) , 
penicillin 100 units per mL, and streptomycin 100 
micrograms per mL (Gibco/Life Technologies, Gaithersburg, 
MD) . Cells were routinely passaged by trypsinization and 
10 dilution when they reached 90% confluence. 

Wild-type HCT116 (p53 +/+) and HCT116 cells homozygous 
for the absence of p53 (p53 -/-) were treated with 50, 100, 
200 and 300 nM ISIS 16518, ISIS 116428, ISIS 111173, ISIS 
119465 and ISIS 111178 and levels of mdm2 and p21 RNA were 
15 measured at 6 hours post- treatment . 

It was found that for all antisense oligonucleotides 
tested, mdm2 levels were reduced in both wild-type and (p53 
-/-) but reduced more efficiently in HCT116 (p53 -/-) 
cells. ISIS 111173 was found to be the most potent 
2 0 oligonucleotide in reducing mdm2 levels. 

The kinetics of mdm2 expression recovery was found to 
coincide with the induction of p21 expression in wild-type 
but not (p53 -/-) cells. Wild-type HCT116 cells were also 
shown to express p21 at a level three times that of the 
2 5 (p53 -/-) cells. The fact that mdm2 antisense 

oligonucleotide treatment in the deletion mutant (p53-/-) 
resulted in sustained reduction of mdm2 expression with no 
induction of p21 indicates that an autoregulatory feedback 
loop involving p53 and mdm2 does exist and explains the 
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inefficient nature of antisense reduction of mdm2 in wild- 
type cells. It was also determined that mdm2 RNA levels in 
HCT116 (p53 -/-) cells decreases to half of control levels 
by 72 hours after plating as the cells become more 
confluent, further supporting the necessity of p53 to 
maintain constant mdm2 levels. 

In a similar experiment, wild-type (p53 +/+) and 
HCT116 cells homozygous for the absence of p53 (p53 -/-) 
were treated with 50, 100 and 200 nM ISIS 16518, ISIS 
116428, ISIS 111173, ISIS 119465 and ISIS 111178 and levels 
of apoptosis were measured at 24 and 48 hours after 
treatment. It was found that (p53-/-) cells were more 
sensitive to antisense oligonucleotide- induced apoptosis by 
a factor of 3 than wild-type cells suggesting that 
induction of apoptosis by mdm2 antisense oligonucleotides 
is p53 independent. 

Example 40: Effects of cellular p53 status on the activity 
of antisense oligonucleotides targeting mdm2 in vivo 

Using the species-specific antisense oligonucleotide 
designed to mouse mdm2 (ISIS 27196; SEQ ID NO: 350), mice 
either homozygous (p53 -/-) or heterozygous (p53 -/-) for a 
deletion in p53 as well as wild type mice (p53 +/+) were 
treated with saline or antisense oligonucleotide and levels 
of mdm2 and p21 were measured by RPA. All mice were 
treated at a dose of 25 mg/kg of ISIS 27196 twice daily for 
8 days after which the animals were sacrificed and livers 
isolated for RPA analysis as described in other examples 
herein. RPA blots were quantified with a Phosphorlmager 
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(Molecular Dynamics, Sunnyvale, CA) and are averages of 
three replicates. Data are expressed in arbitrary units and 
detected levels of mdm2 and p21 have been normalized to the 
level of G3PDH. The data are shown in Table 41. 

5 

TABLE 41 

RPA Evaluation of p53 knockout mice treated with ISIS 27196 





Saline 


Oligonucleotide Treatment 






P 21 


Mdm2 


p21 


P 53 -/- 


.99 


.12 


.47 


. 08 


p53 -/+ 


.99 


. 13 


. 84 


.85 


P53 +/+ 


1.14 


.34 


. 81 


. 72 



10 Mdm2 antisense oligonucleotide treatment had a 50% 

reduction in mdm2 RNA (p=.01) in (p53 -/-) mice and no 
effect on mdm2 expression in heterozygous or wild-type 
mice. No induction of p21 RNA was observed in (p53 -/-) 
mice, while mice heterozygous for p53 showed a 9-fold 

15 induction of p21 RNA (p=.0004). Wild-type mice had a 2.3- 
fold induct ion of p2 1 RNA (p= . 02) and were observed to have 
a 3 fold higher level of basal expression of p21 than 
heterozygous mice (p=.2) or homozygous mice (p=.16). 



2 0 Example 41: Antisense oligonucleotides designed to target a 
variant of the 5 * UTR of human mdm2 

In accordance with the present invention, 
oligonucleotides were designed to target a variant of the 
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5' untranslated region of Human mdm2 RNA, using published 
sequences (GenBank accession number U28935, incorporated 
herein as SEQ ID NO : 2). The oligonucleotides are shown in 
Table 42. "Target site" indicates the first (5' -most) 
nucleotide number on the particular target sequence to 
which the oligonucleotide binds. All compounds in Table 15 
are chimeric oligonucleotides ("gapmers") 20 nucleotides in 
length, composed of a central "gap" region consisting of 
ten 2 ' -deoxynucleo tides, which is flanked on both sides (5' 
and 3' directions) by f ive -nucleotide "wings". The wings 
are composed of 2 ' -methoxyethyl (2 1 -MOE) nucleotides . The 
internucleoside (backbone) linkages are phosphorothioate 
(P=S) throughout the oligonucleotide. All cytidine 
residues are 5 -methylcytidines . 

TABLE 42 

Chimeric phosphorothioate antisense oligonucleotides 
designed to target a variant of the 5 ■ untranslated region 
of Human mdm2 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ 
ID NO 


REGION 


TARGET 
SITE 


107973 


CTGAACACAGCTGGGAAAAT 


356 


Intron : Exon 
Junction 


221 


107974 


CGC CACTGAACACAGCTGGG 


357 


Intron: Exon 
Junction 


226 


107975 


ATCGCCACTGAACACAGCTG 


358 


Intron: Exon 
Junction 


228 


107976 


TCCAATCGCCACTGAACACA 


359 


Exon 2 


232 


107977 


CCTCCAATCGCCACTGAACA 


360 


Exon 2 


234 


107978 


ACCCTCCAATCGCCACTGAA 


361 


Exon 2 


236 
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107979 


CAGGTCTACCCTCCAATCGC 


362 


Exon 2 


243 


107980 


CCACAGGTCTACCCTCCAAT 


363 


Exon 2 


246 



EXAMPLE 42: Additional oligonucleotides targeting a variant 
of the 5 1 UTR of human mdm2 - MOE modification throughout 

5 In a further embodiment, additional antisense 

oligonucleotides were designed to incorporate the 2 ' - 
methoxyethyl (2 ' -MOE) chemistry throughout the 
oligonucleotide. These oligonucleotides are shown in Table 
43. "Target site" indicates the first (5' -most) nucleotide 

10 number on the particular target sequence to which the 

oligonucleotide binds. All compounds in Table 43 are 20 
nucleotides in length, composed of 2 ' -methoxyethyl (2 ' - 
MOE) nucleotides . The internucleoside (backbone) linkages 
are phosphorothioate (P=S) throughout the oligonucleotide. 

15 All cytidine residues are 5 -methyl cyt idines . 

TABLE 43 

Phosphorothioate antisense oligonucleotides designed to 
target a variant of the 5 1 untranslated region of Human 
2 0 mdm2 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ 
ID NO 


REGION 


TARGET 
SITE 


108486 


CTGAACACAGCTGGGAAAAT 


356 


Intron:Exon 
Junction 


221 


108487 


CGCCACTGAACACAGCTGGG 


357 


Intron:Exon 
Junction 


226 


108488 


ATCGCCACTGAACACAGCTG 


358 


Intron:Exon 
Junction 


228 
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108489 


TCCAATCGCCACTGAACACA 


359 


Exon 2 


232 


108490 


CCTCCAATCGCCACTGAACA 


360 


Exon 2 


234 


108491 


ACCCTCCAATCGCCACTGAA 


361 


Exon 2 


236 


108492 


CAGGTCTACCCTCCAATCGC 


362 


Exon 2 


243 


108493 


C C ACAGGT C T AC C CT C C AAT 


363 


Exon 2 


246 


107981 


AAAAGACACGATGAAAACTG 


364 


Intron 2 


391 


107982 


GAAAAAAAAGAC AC GATGAA 


365 


Intron 2 


396 


107983 


ACAAGGAAAAAAAAGACACG 


366 


Intron 2 


401 


107984 


TGCCTACAAGGAAAAAAAAG 


367 


Intron 2 


406 


107985 


ACATTTGC CTACAAGGAAAA 


368 


Intron 2 


411 


107986 


ATTGCACATTTGCCTACAAG 


369 


Intron 2 


416 



Example 43 : Antisense oligonucleotides designed to 
nucleotides 241-260 and 238-257 of a variant of the 5' UTR 
5 of human mdm2 

In a further embodiment, additional antisense 
oligonucleotides, were designed to target the 5' UTR 
variant beginning at nucleotide 241 or 238. The 
oligonucleotides are shown in Table 44. All compounds in 

10 Table 44, are chimeric oligonucleotides ("gapmers") 20 

nucleotides in length, composed of a central "gap" region 
consisting of ten 2 * -deoxynucleotides , which is flanked on 
both sides (5' and 3' directions) by f ive-nucleotide 
"wings". The wings are composed of 2 ' -methoxyethyl (2 ' - 

15 MOE) nucleotides . The internucleoside (backbone) linkages 
are phosphorothioate (P=S) throughout the oligonucleotide. 
All cytidine residues are 5-methylcytidines . 
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TABLE 44 

Chimeric phosphorothioate antisense oligonucleotides 
designed to target nucleotides 238-257 and 241-260 of a 
variant of the 5 » untranslated region of Human mdm2 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ ID 
NO 


REGION 


TARGET 
SITE 


107990 


CTACCCTCCAATCGCCACTG 


28 


Exon 2 


238 


107991 


CTACCCTCCAATCGCCACTG 


28 


Exon 2 


238 


107992 


GGTCTACCCTCCAATCGCCA 


29 


Exon 2 


241 


107993 


GGTCTACCCTCCAATCGCCA 


29 


Exon 2 


241 


108484 


CTACCCTCCAATCGCCACTG 


28 


Exon 2 


238 


108485 


GGTCTACCCTCCAATCGCCA 


29 


Exon 2 


241 



Example 44: Effects of antisense oligonucleotides designed 
to target genomic regions of human mdm2 on the expression 
of mdm2 

10 In accordance with the present invention, additional 

oligonucleotides were designed to target genomic regions of 
the human mdm2 RNA, using published sequences (GenBank 
accession number U3 973 6, incorporated herein as SEQ ID NO: 
370). The oligonucleotides are shown in Table 45. "Target 

15 site" indicates the first (5' -most) nucleotide number on 

the particular target sequence to which the oligonucleotide 
binds. All compounds in Table 45 are chimeric 
oligonucleotides ("gapmers") 2 0 nucleotides in length, 
composed of a central "gap" region consisting of ten 2'- 

20 deoxynucleotides, which is flanked on both sides (5 1 and 3' 
directions) by f ive -nucleotide "wings". The wings are 
composed of 2 1 -methoxyethyl (2 ' -MOE) nucleotides . The 
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internucleoside (backbone) linkages are phosphorothioate 
(P=S) throughout the oligonucleotide. All cytidine 
residues are 5-methylcytidines . 

5 TABLE 45 

Inhibition of Human mdm2 mRNA expression by chimeric 
phosphorothioate oligonucleotides designed to genomic 
regions of the Human mdm2 gene 



ISIS # 


NUCLEOTIDE SEQUENCE 
(5'-> 3') 


SEQ ID 
NO 


REGION 


TARGET 
SITE 


% 

INHIB 


105169 


CAATCGCCACTGAACACAGC 


371 


Intron: 

exon 
junction 


821 


0 


105170 


GTGCTTAC CTGGAT CAGCAG 


372 


Exon 2 


881 


0 


105171 


GCACATTTGCCTACAAGGAA 


373 


3 ' splice 
site 


1004 


40 


105172 


TAGAGGGGACAC CGTCAGAG 


374 


Intron 


341 


2 


105173 


TGCGAACGGGCAGAGGCTGG 


375 


Intron 


371 


0 


105174 


CAACAAAACCTCCGCAAAGC 


376 


Intron 


451 


0 


105175 


ACCTCCCGCGCCGAAGCGGC 


377 


Intron 


601 


0 


105176 


CTACGCGCAGCGTTCACACT 


378 


Intron 


651 


0 


105177 


CTAAAGCTACAAGCAAGT CG 


379 


Intron 


901 


0 



As shown in Table 45, SEQ ID NO 3 73 demonstrated at least 
40% inhibition of human mdm2 expression in this assay and 
is therefore preferred. 



15 
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EXAMPLE 45: 2 , 2 * -anhydro [1- ( -D-arabinof uranosyl) -5- 
methyluridine] 

5 -Methyluridine ( ribosyl thymine , commercially 
available through Yamasa, Choshi, Japan) (72.0 g, 0.2 79 
5 mol) , diphenylcarbonate (90.0 g, 0.420 mol) and sodium 
bicarbonate (2.0 g, 0.024 mol) were added to 
dimethyl formamide (300 mL) . The mixture was heated to 
reflux with stirring allowing the resulting carbon dioxide 
gas to evolve in a controlled manner. After 1 hour, the 

10 slightly darkened solution was concentrated under reduced 
pressure. The resulting syrup was poured into stirred 
diethyl ether (2.5 L) . The product formed a gum. The 
ether was decanted and the residue was dissolved in a 
minimum amount of methanol (ca 400 Ml) . The solution was 

15 poured into fresh ether as above (2.5 L) to give a stiff 
gum. The ether was decanted and the gum was dried in a 
vacuum oven (60 °C at 1 mm Hg for 24 h) to give a solid 
which was crushed to a light tan powder (57 g, 85% crude 
yield) . NMR was consistent with structure and 

20 contamination with phenol and its sodium salt (ca 5%) . The 
material was used as is for ring opening. It can be 
purified further by column chromatography using a gradient 
of methanol in ethyl acetate (10-25%) to give a white 
solid, mp 222-4°C. 

25 

EXAMPLE 46 : 1- (2-f luoro- -D-erythro-pentofuranosyl) - 5 - 
methyluridine 

2,2' -Anhydro [1- ( -D-arabinof uranosyl ) -5 -methyluridine] 
(71g, 0.32 mmol) and dioxane (700 mL) are placed in a 2 
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liter stainless steel bomb and HF/pyridine (lOOg, 70%) was 
added. The mixture was heated for 16 hours at 12 0-125 °C 
and then cooled in an ice bath. The bomb was opened and 
the mixture was poured onto 3 liters of ice. To this 
5 mixture was added cautiously sodium hydrogen carbonate 

(300g) and saturated sodium bicarbonate solution (400 mL) . 
The mixture was filtered and the filter cake was washed 
with water (2xl00mL) and methanol (2x500mL) . The water and 
methanol washes were concentrated to dryness in vacuo. 

10 Methanol (200 mL) and coarse silica gel (80g) were added to 
the residue and the mixture was concentrated to dryness in 
vacuo. The resulting material was concentrated onto the 
silica gel and purified by silica gel column chromatography 
using a gradient of ethyl acetate and methanol (100:0 to 

15 85:15). Pooling and concentration of the product fractions 
gave 36. 9g (51%, 2 step yield) of the title compound. 

Also isolated from this reaction was l-(2-phenyl- -D- 
erythro-pentof uranosyl) -5 -methyluridine (10.3 g) . This 
material is formed from the phenol and its sodium salt from 

2 0 the anhydro reaction above when the bomb reaction is 

carried out on impure material . When the anhydro material 
is purified this product is not formed. The formed 1- (2- 
phenyl- -D-erythro-pentof uranosyl )- 5 -methyluridine was 
converted into its DMT/phosphoramidite using the same 

25 reaction conditions as for the 2 ' -f luoro material. 
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EXAMPLE 47 : 1- ( 5 -O-Dimethoxy trityl -2 - f luoro- -D-erythro- 
pentofuranosyl) - 5 -methyluridine 

1- (2 -f luoro- -D-erythro-pentofuranosyl) -5- 
methyluridine (31.15g, 0.12 mol) was suspended in pyridine 
5 (150 mL) and dimethoxytrityl chloride (44.62g, 0.12 mol) 

was added. The mixture was stirred in a closed flask for 2 
hours and then methanol (3 0 mL) was added. The mixture was 
concentrated in vacuo and the resulting residue was 
partitioned between saturated bicarbonate solution (500 mL) 

10 and ethyl acetate (3x500ml) . The ethyl acetate fractions 
were pooled and dried over magnesium sulfate, filtered and 
concentrated in vacuo to a thick oil . The oil was 
dissolved in dichloromethane (100 mL) , applied to a silica 
gel column and eluted with ethyl 

15 acetate :hexane : triethylamine , 60/39/1 increasing to 
75/24/1. The product fractions were pooled and 
concentrated in vacuo to give 59. 9g (89%) of the title 
compound as a foam. 

20 EXAMPLE 48 : 1- (5 -O-Dimethoxytrityl-2 - f luoro- 3 -O-N, N- 
di i sopropylamino - 2 - cyanoe thy lphosphi t e - - D - ery thro - 
pentofuranosyl) - 5 -methyluridine 

1- (5-0-Dimethoxytrityl-2-f luoro- -D-erythro-pento- 
furanosyl) -5 -methyluridine (59. 8g, 0.106 mol) was dissolved 
25 in dichloromethane and 2-cyanoethyl N, N, N ■ , N' -tetra- 

isopropylphosphorodiamidite (46.9 mL, 0.148 mol) and diiso- 
propylamine tetrazolide (5.46g, 0.3 eq.) was added. The 
mixture was stirred for 16 hours. The mixture was washed 
with saturated sodium bicarbonate (1 L) and the bicarbonate 
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solution was back extracted with dichloromethane (500 raL) . 
The combined organic layers were washed with brine (1 L) 
and the brine was back extracted with dichloromethane (100 
mL) . The combined organic layers were dried over sodium 
5 sulfate, filtered, and concentrated to a vol of about 200 
mL. The resulting material was purified by silica gel 
column chromatography using hexane/ethyl acetate/triethyl 
amine 60/40/1. The product fractions were concentrated in 
vacuo, dissolved in acetonitrile (500 ml) , filtered, 

10 concentrated in vacuo, and dried to a foam. The foam was 
chopped and dried for 24 hour to a constant weight to give 
68. 2g (84%) of the title compound. 1H NMR: (CDC13) 0.9- 
1.4 (m, 14 H, 4xCH3, 2xCH) , 2.3-2.4 (t, 1 H, CH2CN) , 2.6- 
2.7 (t, 1 H, CH2CN) , 3.3-3.8 (m, 13 H, 2xCH30Ar, 5' CH2 , 

15 CH20P , C-5 CH3), 4.2-4.3 (m, 1 H, 4'), 4.35-5.0 (m, 1 H, 
3'), 4.9-5.2 (m, 1 H, 2'), 6.0-6.1 (dd, 1 H, 1'), 6.8-7.4 
(m, 13 H, DMT), 7.5-7.6 (d, 1 H, C-6) , 8.8 (bs, 1 H, NH) . 
3 IP NMR (CDC13) ; 151.468, 151.609, 151.790, 151.904. 

20 EXAMPLE 49: 1- (3 « , 5 • -di-0-acetyl-2 -f luoro- -D-erythro- 
pentofuranosyl) -5-methyluridine 

1- (2-fluoro- -D-erythro-pentofuranosyl) -5- 
methyluridine (22. 4g, 92 mmol, 85% purity), prepared as per 
the procedure of Example 2, was azeotroped with pyridine 
25 (2x150 mL) and dissolved in pyridine (250 mL) . Acetic 

anhydride (55 mL, .58 mol) was added and the mixture was 
stirred for 16 hours. Methanol (50 mL) was added and 
stirring was continued for 30 minutes. The mixture was 
evaporated to a syrup. The syrup was dissolved in a 
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minimum amount of methanol and loaded onto a silica gel 
column. Hexane/ethyl acetate, 1:1, was used to elute the 
product fractions. Purification gave 19 . Og (74%) of the 
title compound . 

5 

EXAMPLE 50: 4 -Triazine- 1 - (3 ■ , 5 ■ -di -0-acetyl-2 - f luoro- -D- 
ery thro-pentof uranosyl ) - 5 -methyluridine 

1,2,4-Triazole (106g, 1.53 mol) was dissolved in 
acetonitrile (150 mL) followed by triethylamine (257 mL, 

10 1.84 mol) . The mixture was cooled to between 0 and 10 oC 
using an ice bath. POC13 (34.5 mL, .375 mol) was added 
slowly via addition funnel and the mixture was stirred for 
an additional 45 minutes. In a separate flask, l-(3',5'- 
Di-0-acetyl-2-fluoro- -D-erythro-pentof uranosyl ) -5- 

15 methyluridine (56. 9g, .144 mol) was dissolved in 

acetonitrile (150 mL) . The solution containing the 1- 
(3 ■ , 5 • -Di-0-acetyl-2-fluoro- -D-erythro-pentof uranosyl) -5- 
methyluridine was added via cannula to the triazole 
solution slowly. The ice bath was removed and the reaction 

2 0 mixture was allowed to warm to room temperature for 1 hour. 
The acetonitrile was removed in vacuo and the residue was 
partitioned between saturated sodium bicarbonate solution 
(4 0 0 mL) and dichloromethane (4x4 0 0 mL) . The organic 
layers were combined and concentrated in vacuo. The 

25 resulting residue was dissolved in ethyl acetate (200 mL) 
and started to precipitate a solid. Hexanes (300 mL) was 
added and additional solid precipitated. The solid was 
collected by filtration and washed with hexanes (2x200 mL) 
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and dried in vacuo to give 63 . 5g which was used as is 
without further purification. 

EXAMPLE 51 : 5 -methyl -1- (2-fluoro- -D-erythro- 
pentofuranosyl) -Cytosine 

4- Triazine-l- (3 1 , 5 ' -di-0-acetyl-2 -f luoro- -D-erythro- 
pentofuranosyl) -Thymine {75. 5g, .198 mol) was dissolved in 
ammonia (4 00 inL) in a stainless steel bomb and sealed 
overnight. The bomb was cooled and opened and the ammonia 
was evaporated. Methanol was added to transfer the 
material to a flask and about 10 volumes of ethyl ether was 
added. The mixture was stirred for 10 minutes and then 
filtered. The solid was washed with ethyl ether and dried 
to give 51. 7g (86%) of the title compound. 

EXAMPLE 52 : 4 -N- Benzoyl- 5 -methyl - 1- (2-fluoro- -D-erythro- 
pentofuranosyl) -Cytosine 

5 - methyl -1- (2-fluoro- -D-erythro-pentof uranosyl ) - 
Cytosine (54 . 6g, 0.21 mol) was suspended in pyridine (700 
mL) and benzoic anhydride (70g, .309 mol) was added. The 
mixture was stirred for 48 hours at room temperature. The 
pyridine was removed by evaporation and methanol (800 mL) 
was added and the mixture was stirred. A precipitate 
formed which was filtered, washed with methanol (4x50mL) , 
washed with ether (3x100 mL) , and dried in a vacuum oven at 
45°C to give 40. 5g of the title compound. The filtrate was 
concentrated in vacuo and treated with saturated methanolic 
ammonia in a bomb overnight at room temperature. The 
mixture was concentrated in vacuo and the resulting oil 
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was purified by silica gel column chromatography. The 
recycled starting material was again treated as above to 
give an additional 4.9 g of the title compound to give a 
combined 45. 4g (61%) of the title compound. 

5 

EXAMPLE 53:4-N-Benzoyl-5-methyl-l- (2-f luoro-5-0- 
dimethoxytrityl- -D-erythro-pentofuranosyl) -Cytosine 

4-N-Benzoyl-5-methyl-l- (2-fluoro- -D-erythro- 
pentofuranosyl ) -Cytosine (45. 3g, .124 mol) was dissolved in 
10 250 ml dry pyridine and dimethoxytrityl chloride (46. 4g, 
.137 mol) was added. The reaction mixture was stirred at 
room temperature for 90 minutes and methanol (20 mL) was 
added. The mixture was concentrated in vacuo and 
partitioned between ethyl acetate (2x1 L) and saturated 
15 sodium bicarbonate (1 L) . The ethyl acetate layers were 
combined, dried over magnesium sulfate and evaporated in 
vacuo. The resulting oil was dissolved in dichloromethane 
(200 mL) and purified by silica gel column chromatography 
using ethyl acetate/hexane/triethyl amine 50:50:1. The 
2 0 product fractions were pooled concentrated in vacuo dried 
to give 63 . 6g (76.6%) of the title compound. 

EXAMPLE 54 : 4 -N-Benzoyl - 5 -methyl- 1- (2-f luoro-3-0-N,N- 
di i sopropylamino - 2 - cyanoe thylphosphi t e - 5 - 0 - dime thoxy tr i tyl - 
2 5 -D-erythro-pentofuranosyl) -Cytosine 

4 -N-Benzoyl - 5 -methyl - 1 - ( 2 - f luoro- 5 -O - dimethoxytrityl - 
-D-erythro-pentofuranosyl) -Cytosine (61. 8g, 92.8 mmol) was 
stirred with dichloromethane (3 00 mL) , 2-cyanoethyl 
N,N,N' ,N" -tetraisopropylphosphorodiamidite (40.9 mL, .130 
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mol) and diisopropylamine tetrazolide (4.76g, 0.3 eq.) at 
room temperature for 17 hours. The mixture was washed with 
saturated sodium bicarbonate (1 L) and the bicarbonate 
solution was back extracted with dichloromethane (500 mL) . 
The combined organic layers were washed with brine (1 L) 
and the brine was back extracted with dichloromethane (100 
mL) . The combined organic layers were dried over sodium 
sulfate, filtered, and concentrated to a vol of about 200 
mL. Tht resulting material was purified by silica gel 
column chromatography using hexane/ethyl acetate/ triethyl 
amine 60/40/1. The product fractions were concentrated in 
vacuo, dissolved in acetonitrile (500 ml) , filtered, 
concentrated in vacuo, and dried to a foam. The foam was 
chopped and dried for 24 hours to a constant weight to give 
72. 4g (90%) of the title compound. 1H NMR: (CDC13) 1.17- 
1.3 (m, 12 H, 4xCH3), 1.5-1.6 (m, 2 H, 2xCH) , 2.3-2.4 (t, 1 
H, CH2CN) , 2.6-2.7 (t, 1 H, CH2CN) , 3.3-3.9 (m, 13 H, 
2xCH30Ar, 5« CH2 , CH20P , C-5 CH3 ) , 4.2-4.3 (m, 1 H, 4'), 
4.3-4.7 (m, 1 H, 3'), 5.0-5.2 (m, 1 H, 2'), 6.0-6.2 (dd, 1 
H, 1'), 6.8-6.9 (m, 4 H, DMT), 7,2-7.6 (m, 13 H, DMT, Bz) , 
7.82-7.86 (d, 1 H, C-6), 8.2-8.3 (d, 2H, Bz) . 3 1 P NMR 
(CDC13) ; bs, 151.706; bs , 151.941. 

EXAMPLE 55:1- (2,3 -di-O-butyltin- -D-erythro- 
Pentofuranosyl) -5-Methyluridine 

5 -Methyl uridine (7.8g, 3 0.2 mmol) and dibutyltin 
oxide (7.7g, 30.9 mmol) were suspended in methanol (150 mL) 
and heated to reflux for 16 hours. The reaction mixture 
was cooled to room temperature, filtered, and the solid 
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washed with methanol (2 x 150 mL) . The resulting solid was 
dried to give 12. 2g (8 0.3%) of the title compound. This 
material was used without further purification in 
subsequent reactions. NMR was consistent with structure. 

EXAMPLE 56 : 1- (2-O-Propyl- -D-erythro-Pentofuranosyl) -5- 
Methyluridine 

1- (2 , 3-di-O-butyltin- -D-erythro-pentof uranosyl ) -5- 
methyluridine (5.0g, 10.2 mmol) and iodopropane (14. 7g, 
72.3 mmol) were stirred in DMF at 100 oC for 2 days. The 
reaction mixture was cooled to room temperature and 
filtered and concentrated. The residual DMF was 
coevaporated with acetonitrile . After drying the residue 
there was obtained 2.40g (78%) of the title compound and 
the 3 f -O-propyl isomer as a crude mixture. This material 
was used without further purification in subsequent 
reactions . 

EXAMPLE 57:1- (2 -O-Propyl-5-O-Dimethoxytrityl- -D-erythro- 
Pentof uranosyl) -5-Methyluridine 

1- (2-0-Propyl- -D-erythro-pentof uranosyl) -5- 
methyluridine and the 3 ' -O-propyl isomer as a crude mixture 
(2.4g, 8.4 mmol) was coevaporated with pyridine (2 x 40 mL) 
and dissolved in pyridine (60 mL) . The solution was 
stirred at room temperature under argon for 15 minutes and 
dimethoxytrityl chloride (4.2 7g, 12.6 mmol) was added. The 
mixture was checked periodically by tic and at 3 hours was 
completed. Methanol (10 mL) was added and the mixture was 
stirred for 10 minutes. The reaction mixture was 
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concentrated in vacuo and the resulting residue purified by- 
silica gel column chromatography using 60:40 hexane/ethyl 
acetate with 1% triethylamine used throughout. The pooling 
and concentration of appropriate fractions gave 1.32g (26%) 
5 of the title compound. 

EXAMPLE 58:1- (2 -O-Propyl - 3 -O-N, N-Diisopropyl amino- 2 - 
Cyanoe thy lpho sphi t e - 5 - O - D ime t hoxy t r i ty 1 - - D - ery thro - 
Pentofuranosyl) -5-Methyluridine 

10 1- (2-0- Propyl- 5 -O-dimethoxytrityl - -D-erythro-pento- 

furanosyl) -5-methyluridine (50. Og, 86 mmol) , 2-cyanoethyl- 
N,N,N' ,N' -tetra-isopropylphosphorodiamidite (38 mL, 120 
mmol), and diisopropylamine tetrazolide (4.45g, 25.8 mmol) 
were dissolved in dichloromethane (500 mL) and stirred at 

15 room temperature for 40 hours. The reaction mixture was 

washed with saturated sodium bicarbonate solution (2 x 400 
mL) and brine (1 x 400 mL) . The aqueous layers were back 
extracted with dichloromethane. The dichloromethane layers 
were combined, dried over sodium sulfate, filtered, and 

2 0 concentrated in vacuo. The resultant residue was purified 
by silica gel column chromatography using ethyl 
acetate/hexane 40:60 and 1% triethylamine. The appropriate 
fractions were pooled, concentrated, and dried under high 
vacuum to give 43g (67%) . 

25 

EXAMPLE 59: 1- (2 -O-Propyl - 3 -O-Acetyl - 5 -O-Dimethoxytrityl - - 
D- ery thro- Pentofuranosyl ) - 5 -Methyluridine 

1- (2 -O-Propyl -5 -dimethoxytrityl - -D-erythro- 
pentofuranosyl) -5-methyluridine (10. Og, 16.6 mmol) was 
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dissolved in pyridine (50 mL) and acetic anhydride (4.7 ml, 
52.7 mmol) was added. The reaction mixture was stirred for 
18 hours and excess acetic anhydride was neutralized with 
methanol (10 mL) . The mixture was concentrated in vacuo 
5 and the resulting residue dissolved in ethyl acetate (150 
mL) . The ethyl acetate was washed with saturated NaHC03 
(15 0 mL) and the saturated NaHC03 wash was back extracted 
with ethyl acetate (50 mL) . The ethyl acetate layers were 
combined and concentrated in vacuo to yield a white foam 
10 11.3g. The crude yield was greater than 100% and the NMR 
was consistent with the expected structure of the title 
compound. This material was used without further 
purification in subsequent reactions. 

15 EXAMPLE 60:1- (2 -0-Propyl-3-0-Acetyl-5-0-Dimethoxytrityl- - 
D - ery thro - Pentof uranosyl ) - 4 -Triazolo - 5 -Me thylpyr imidine 

Triazole (10. 5g, 152 mmol) was dissolved in 
acetonitrile (120 ml) and triethylamine (23 mL) with 
stirring under anhydrous conditions. The resulting 

2 0 solution was cooled in a dry ice acetone bath and 

phosphorous oxychloride (3.9 mL, 41 mmol) was added slowly 
over a period of 5 minutes. The mixture was stirred for an 
additional 10 minutes becoming a thin slurry indicative of 
product formation. 1- (2 -O-Propyl -3 -O-acetyl -5 -O- 

25 dimethoxytrityl- -D-erythro-pentof uranosyl ) -5-methyluridine 
(11. 2g, 165mmol) was dissolved in acetonitrile (150 mL) and 
added to the slurry above, maintaining dry ice acetone bath 
temperatures. The reaction mixture was stirred for 30 
minutes and then allowed to warm to room temperature and 
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stirred for an additional 2 hours. The mixture was placed 
in a freezer at 0 oC for 18 hours and then removed and 
allowed to warm to room temperature. Tic in ethyl 
acetate/hexane 1:1 of the mixture showed complete 
conversion of the starting material. The reaction mixture 
was concentrated in vacuo and redissolved in ethyl acetate 
(3 00 raL) and extracted with saturated sodium bicarbonate 
solution (2 x 400 mL) and brine (4 00 mL) . The aqueous 
layers were back extracted with ethyl acetate (200 mL) . 
The ethyl acetate layers were combined, dried over sodium 
sulfate, and concentrated in vacuo. The crude yield was 
11. 3g (95%) . The NMR was consistent with the expected 
structure of the title compound. This material was used 
without further purification in subsequent reactions. 

EXAMPLE 61:1- (2-0-Propyl-5-0-Dimethoxytrityl- -D-erythro- 
Pentofuranosyl) -5-Methylcytidine 

1- (2-0-Propyl-3-0-acetyl-5-0-dimethoxytrityl- -D- 
erythro-pentof uranosyl ) -4 - triazolo- 5 -methylpyrimidine 
(11. 2g, 16.1 mmol) was dissolved in liquid ammonia (50 mL) 
in a 100 mL bomb at dry ice acetone temperatures. The bomb 
was allowed to warm to room temperature for 18 hours and 
then recooled to dry ice acetone temperatures. The bomb 
contents were transferred to a beaker and methanol (5 0 mL) 
was added. The mixture was allowed to evaporate to near 
dryness. Ethyl acetate (300 mL) was added and some solid 
was filtered off prior to washing with saturated sodium bi- 
carbonate solution (2 x 250 mL) . The ethyl acetate layers 
were dried over sodium sulfate, filtered, combined with the 
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solid previously filtered off, and concentrated in vacuo to 
give 10. lg of material. The crude yield was greater than 
100% and the NMR was consistent with the expected structure 
of the title compound. This material was used without 
5 further purification in subsequent reactions. 

EXAMPLE 62: 1- (2 -O-Propyl - 5 -O-Dimethoxytrityl - -D-erythro- 
Pentof uranosyl ) - 4 -N-Benzoyl - 5 -Methylcy tidine 

1- (2-0-Propyl-5-0-dimethoxytrityl- -D-erythro- 
10 pentof uranosyl) - 5 -methyl cytidine (7.28g, 10.1 mmol) and 

benzoic anhydride (4.5g, 20 mmol) were dissolved in DMF (60 
mL) and stirred at room temperature for 18 hours. The 
reaction mixture was concentrated in vacuo and redissolved 
in ethyl acetate (3 0 0 mL) . The ethyl acetate solution was 
15 washed with saturated sodium bicarbonate solution (2 x 400 
mL) , dried over sodium sulfate, filtered, and concentrated 
in vacuo. The residue was purified by silica gel column 
chromatography using ethyl acetate/hexane 1:2 and 1% 
triethylamine . The appropriate fractions were pooled, 
20 concentrated, and dried under high vacuum to give 5 . lg (59% 
for 4 steps starting with the 1- (2-0-Propyl- 
dimethoxytrityl- -D-erythro-pentof uranosyl) -5- 
methyluridine) . 

25 EXAMPLE 63: 1- (2 -O-Propyl-3 -O-N, N-Diisopropylamino-2 - 
Cyanoethylphosphi te - 5 - O-Dimethoxy tr i ty 1 - -D - ery thro - 
Pentof uranosyl) -4 -N-Benzoyl -5 -Me thylcytidine 

1- (2-0-Propyl-5-0-dimethoxytrityl- -D-erythro- 
pentof uranosyl ) -4 -N-benzoyl - 5 -methylcyt idine (5.0g, 7mmol) , 
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2-cyanoethyl-N,N,N' ,N' -tetra-isopropylphosphorodiamidite 
(3.6 mL, 11.3 mmol), and diisopropylaminotetrazolide 
(0.42g, 2.4 mmol) were dissolved in dichloromethane (80 mL) 
and stirred at room temperature for 4 0 hours. The reaction 
5 mixture was washed with saturated sodium bicarbonate 

solution (2 x 40 mL) and brine (1 x 40 mL) . The aqueous 
layers were back extracted with dichloromethane. The 
dichloromethane layers were combined, dried over sodium 
sulfate, filtered, and concentrated in vacuo. The resultant 
10 residue was purified by silica gel column chromatography 

using ethyl acetate/hexane 40:60 and 1% triethylamine . The 
appropriate fractions were pooled, concentrated, and dried 
under high vacuum to give 7.3g (98%) . 

15 EXAMPLE 64 :2, 6 -Dichloro- 9 - (2-deoxy-3, 5-di-O-p- toluoyl- -D- 
erythro -pentofuranosyl) purine . 

To a stirred solution of 2 , 6-dichloropurine 
(25. Og, 132.27mmol) in dry acetonitrile (lOOOmL) was added 
sodium hydride (60% in oil, 5.40g, 135mmol) in small 

2 0 portions over a period of 3 0 minutes under argon 

atmosphere. After the addition of NaH, the reaction 
mixture was allowed to stir at room temperature for 3 0 
minutes. Predried and powdered l-chloro-2 ' -deoxy-3 , 5 , di-0- 
p-toluoyl- -D- ery thro-pentof uranose (53. Og, 136mmol) was 

2 5 added during a 15 minute period and the stirring continued 
for 10 hours at room temperature over argon atmosphere. 
The reaction mixture was evaporated to dryness and the 
residue dissolved in a mixture of CH 2 C1 2 /H 2 0 (250:100mL) and 
extracted in dichloromethane (2 x 250mL) . The organic 
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extract was washed with brine (lOOmL) , dried, and 
evaporated to dryness. The residue was dissolved in 
dichlorome thane (300mL) , mixed with silica gel (60-100 
mesh, 250g) and evaporated to dryness. The dry silica gel 
was placed on top of a silica gel column (250-400 mesh, 12 
x 60cm) packed in hexane . The column was eluted with 
hexanes (lOOOmL) , toluene (2000mL) , and toluene : ethyl 
acetate (9:1, 3000mL) . The fractions having the required 
product were pooled together and evaporated to give 52g 
(72%) of 3 as white solid. A small amount of solid was 
crystallized from ethanol for analytical purposes, mp 160- 
162°C; X H NMR (DMSO-d 6 ) ; 2.36 (s, 3 H, CH 3 ) , 2.38 (s, 3 H, 
CH 3 ) , 2.85 (m, 1 H, C 2 'H), 3.25 (m, 1 H, C 2 ' H) , 4.52 (m, 1 
H, C 4 H) , 4.62 (m, 2 H, C 5 .CH 2 ) , 5.80 (m, 1 H, C 3 'H), 6.55 (t, 
1 H, J 1Ij2 , = 6.20 Hz, Ci-H), 7.22 (dd, 2 H, ArH) , 7.35 (dd, 2 
H, ArH), 7.72 (dd, 2 H, ArH), 7.92 (dd, 2 H, ArH), and 8.92 
(s, 1 H, C 8 H) . 

EXAMPLE 64 : 2 -Chloro- 6 -allyloxy- 9 - (2 ■ -deoxy- -D-erythro- 
pentofuranosyl) purine. (2) 

To a stirred suspension of 2 , 6-dichloro-9- (2 ' - 
deoxy-3 ' , 5 1 -di-O-p-toluoyl - -D- erythro-pentofuranosyl) - 
purine (1, 10. 3g, 19.04 mmol) in allyl alcohol (150mL) was 
added sodium hydride (60%, 0.8g, 20.00mmol) in small 
portions over a 10 minute period at room temperature. 
After the addition of NaH, the reaction mixture was placed 
in a preheated oil bath at 55°C. The reaction mixture was 
stirred at 55°C for 20 minutes with exclusion of moisture. 
The reaction mixture was cooled, filtered, and washed with 
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allyl alcohol (50 mL) . To the filtrate IRC-50 (weakly 
acidic) H + resin was added until the pH of the solution 
reached 4-5. The resin was filtered, washed with methanol 
(lOOmL) , and the filtrate was evaporated to dryness. The 
5 residue was absorbed on silica gel (lOg, 60-100 mesh) and 
evaporated to dryness. The dried silica gel was placed on 
top of silica column (5x25 cm, 100-250 mesh) packed in 
di chlorome thane . The column was then eluted with 
CH 2 Cl 2 /acetone (1:1). The fractions having the product were 

10 pooled together and evaporated to dryness to give 6g (96%) 
of the title compound as foam. 1 H NMR (Me 2 SO-d 6 ) 2.34 (m, 
1 H, C 2 ,H) , 2.68 (m, 1 H, C 2 <H) , 3.52 (m, 2 H, C 5 ,H) , 3.86 
(m, 1 H, C 4 .H) , 4.40 (m, 1 H, C 3 ,H) , 4.95 (t, 1 H, C 5 .Off) , 
5.08 (d, 2 H, CH 2 ) , 5.35 (m, 3 H, CH 2 and C 3 .OH) , 6.10 (m, 1 

15 H, cm, 6.35 {t, 1 H, Ji, j2 , = 6.20 Hz, d-ff) , 8.64 (s, 1 H, 
C 8 J2) . Anal. Calcd for C^H^ClN^ : C, 47.78; H, 4.63; N, 
17.15; CI, 10.86. Found: C, 47.58; H, 4.53; N, 17.21; CI, 
10 . 91 . 

2 0 EXAMPLE 65 : 2 -Chloro- 9 - (2 • -deoxy- -D-erythro- 
pentofuranosyl) inosine. (3) 

A mixture of 2 (6g, 18.4mmol), Pd/C (10%, lg) and 
triethylamine (1.92g, 19.00mmol) in ethyl alcohol (200mL) 
was hydrogenated at atmospheric pressure during 3 0 minute 
2 5 periods at room temperature. The reaction mixture was 
followed by the absorption of volume of hydrogen. The 
reaction mixture was filtered, washed with methanol (50mL) , 
and the filtrate evaporated to dryness. The product 5.26g 
(100%) was found to be moisture sensitive and remained as a 
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viscous oil. The oil was used as such for further reaction 
without purification. A small portion of the solid was 
dissolved in water and lyophilized to give an amorphous 
solid: 1 H NMR (Me 2 SO-d 5 ) 2.35 (m, 1 H, C 2 .H) , 2.52 (m, 1 
H, C 2 .H) , 3.54 (m, 2 H, C 5 .H) , 3.82 (m, 1 H, C 4 .H) , 4.35 (m, 
1 H, C 3 .H), 4.92 (b s, 1 H, C 5 .OH) , 5.35 (s, 1 H, C3.OH), 
6.23 (t, 1 H, Ji,, a . = 6.20 Hz, d-H) , 8.32 (s, 1 H, C 8 H) , 
13 .36 (b s, 1 H, NH) . 

EXAMPLE 66:N 2 - [Imidazol-l-yl (propyl) ] - 9 - (2 ' -deoxy- -D- 
ery thro - pen to f ur ano sy 1 ) guanos ine . (4) 

A solution of the nucleoside of 3 (10. 3g, 
36.00mmol) and 1 - (3 -aminopropyl ) imidazole (9.0g, 72.00mmol) 
in 2-methoxyethanol (60 mL) was heated in a steel bomb at 
100°C (oil bath) for 24 hours. The bomb was cooled to 0°C / 
opened carefully and the precipitated solid was filtered. 
The solid was washed with methanol (50mL) , acetone (50mL) , 
and dried over sodium hydroxide to give 9g (67%) of pure 4. 
A small amount was recrystallized from DMF for analytical 
purposes: mp 245-47°C: X H NMR (Me 2 SO-d 6 ) 1.94 (m, 2 H, 
CH 2 ) , 2.20 (m, 1 H, C 2 .H) , 2.54 (m, 1 H, C 2 .H) , 3.22 (m, 2 H, 
CH 2 ) , 3.51 (m, 2 H, C 5 .H) , 3.80 (m, 1 H, C 4 ,H), 3.98 (m, 2 H, 
CH 2 ) , 4.34 (m, 1 H, C 3 .fl), 4.90 (b s , 1 H, C 5 .OH) , 5.51 (s, 1 
H, C3.OH), 6.12 (t, 1 H ; Ji. /2 , = 6.20 Hz, C X ,H) , 6.45 (b s, 1 
H, NH) , 6.91 (s, 1 H, Imtf) , 7.18 (s, 1 H, ImH) , 7.66 (s, 1 
H, ImH), 7.91 (s, 1 H, C 8 H) , 10.60 (b s, 1 H, NH) . Anal. 
Calcd for C 16 H 21 N 7 0 4 : C, 51.19; H, 5.64; N, 26.12. Found: C, 
50.93; H, 5.47; N, 26.13. 
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EXAMPLE 67: N 2 -3 1 , 5 ' -Tri -O- isobutyryl -N 2 - [imidazol- 1- 
yl (propyl) ] -9- (2 ■ -deoxy- -B-erythro- 
pentofuranosyl) guano sine. (5) 

To a well dried solution of the substrate of 4 
5 (1.5g, 4.00mmol) and triethylamine (1.629, 16.00mmol) in 
dry pyridine (30mL) and dry DMF (30mL) was added isobutyryl 
chloride (1.69g, 16.00mmol) at room temperature. The 
reaction mixture was allowed to stir at room temperature 
for 12 hours and evaporated to dryness . The residue was 

10 partitioned between dichloromethane (lOOmL) and water 

(5 0mL) and extracted with CH 2 C1 2 (2x2 0 0mL) . The organic 
extract was washed with brine (lOOmL) and dried over 
anhydrous MgS0 4 . The dried organic extract was evaporated 
to dryness and the residue was purified over flash 

15 chromatography using CH 2 Cl 2 /MeOH as eluent . The pure 
fractions were pooled, evaporated to dryness which on 
crystallization from CH 2 Cl 2 /MeOH gave 1 . 8g (77%) of 5 as a 
colorless crystalline solid: mp 210-212°C; 1 H NMR (Me 2 S0-d 6 ) 
1.04 (m, 18 H, 3 Isobutyryl CH 3 ) , 1.94 (m, 2 H, CH 2 ) , 2.56 

20 (m, 4 H, C 2 'H and 3 Isobutyryl CH) 2.98 (m, 1 H, C 2 'H), 3.68 
(m, 2 H, CH 2 ) , 3.98 (m, 2 H, CH 2 ) , 4.21 (2 m, 3 H, C 5 .H and 
C 4 .H) , 5.39 (m, 1 H, C 3 .H), 6.30 (t, 1 H, Ji-, 2 . = 6.20 Hz, 
Ci-fl), 6.84 (s, 1 H, ImH) , 7.18 (s, 1 H, ImH) , 7.34 (s, 1 H, 
ImH) , 8.34 (s, 1 H, C a H) , 10.60 (b s, 1 H, NH) . Anal. Calcd 

25 for C 28 H39N 7 0 7 : C, 57.42; H, 6.71; N, 16.74. Found: C, 
57.29; H, 6.58; N, 16.56. 
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EXAMPLE 68:6-0- [2- (4-Nitrophenyl) ethyl] -N 2 -3 ■ ,5' -tri-O- 
isobutyryl-N 2 - [imidazol-l-yl (propyl) ] -9- (2 • -deoxy- -D- 
erythro -pen tofuranosyl) guano sine . (6) 

To a stirred solution of 5 (2.0g, 3.42mmol), 
5 triphenylphosphine (2.68g, 10.26mmol) and p-nitrophenyl 
ethanol (1.72g, 10.26mmol) in dry dioxane was added 
diethylazodicarboxylate (1.78g, 10.26mmol) at room 
temperature. The reaction mixture was stirred at room 
temperature for 12 hours and evaporated to dryness. The 

10 residue was purified by flash chromatography over silica 

gel using CH 2 Cl 2 /acetone as the eluent. The pure fractions 
were pooled together and evaporated to dryness to give 2.4g 
(96%) of the title compound as an amorphous solid. X H NMR 
(Me 2 SO-d 6 ) 1.04 (m, 18 H, 3 Isobutyryl CH 3 ) , 1.94 (m, 2 H, 

15 CH 2 ) , 2.50 (m, 3 H, C 2 .H and 2 Isobutyryl CH) , 3.00 (m, 1 H, 
C 2 ,H) , 3.12 (m, 1 H, Isobutyryl CH) , 3.24 (m, 2 H , CH 2 ) , 
3.82 (m, 2 H, CH 2 ) , 3.98 (m, 2 H, CH 2 ) , 4.21 (2 m, 3 H, 
C 5 <CH 2 and C 4 .H) , 4.74 (m, 2 H, CH 2 ) , 5.39 (m, 1 H, C 3 .H) , 
6.34 (t, 1 H, Ji.,2' = 6.20 Hz, Ci-H) , 6.82 (s, 1 H, ImH) , 

20 7.08 (s, 1 H, ImH) , 7.56 (s, 1 H, ImH) , 7.62 (d, 2 H, ArH) , 
8.1 (d, 2 H, ArH) , 8.52 (s, 1 H, C 8 H) . Anal. Calcd for 
C 3 6H46N 8 09-l/2 H 2 0: C, 58.13; H, 6.37; N ; 15.01. Found: C, 
58.33; H, 6.39; N, 14.75. 

25 EXAMPLE 69: 6-0- [2- (4-Nitrophenyl) -ethyl] -N 2 -isobutyryl -N 2 - 
[imidazol- 1-yl- (propyl)] -9- (2 1 -deoxy- -D-erytiiro- 
pentofuranosyl) guanosine. (7) 

To a stirred solution of 6 (9.00g, 12.26 mmol) in 
methanol (250ml) was treated with ammonium hydroxide (30%, 
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150ml) at room temperature. The reaction mixture was 
stirred at room temperature for 4 hours and evaporated to 
dryness under reduced pressure. The residue was purified 
by flash chromatography over silica gel using CH 2 Cl 2 /MeOH as 
5 the eluent . The pure fractions were pooled together and 
evaporated to dryness to give 5 . 92g (81%) of the title 
compound: 1 H NMR (Me 2 SO-d 6 ) 1.04 (m, 6H, Isobutyryl CH 3 ) , 
1.96 (m, 2 H, CH 2 ) , 2.32 (m, 1 H, C 2 -H) , 2.62 (m, 1 H, C 2 .H) , 
3.14 (m, 1 H , Isobutyryl CH) , 3.26 (m, 2 H, CH 2 ) , 3.52 (m, 2 

10 H, C 5 .CH 2 ) , 3.82 (tn, 3 H, CH 2 and C 4 <H) , 3.96 (m, 2 H, CH 2 ) , 
4.36 (m, 1 H, C 3 .H) , 4.70 (m, 2 H, CH 2 ) , 4.96 (b s, 1 H, 
C 5 .Oif) , 5.42 (b s, 1 H, Cs'OH) , 6.34 (t, 1 H, Ji., 2 -= 6.20 Hz, 
d.H) , 6.82 (s, 1 H, ImH), 7.12 (s, 1 H, ImH), 7.54 (s, 1 H, 
ImH) , 7.62 (d, 2 H, ArH), 8.16 (d, 2 H, ArH) , 8.56 (s, 1 H, 

15 C 8 H) . Anal. Calcd for C28H34N8O7-I/2 H 2 0: C, 55.71; H, 5.84; 
N, 18.56. Found: C, 55.74; H, 5.67; N, 18.43. 

EXAMPLE 70: 5a- 0 - (4 , 4a-Dimethoxytrityl) - 6 - 0 - [2 - (4 - 
nitrophenyl) ethyl] -N 2 - isobutyryl -N 2 - [imidazol - 1-yl (propyl) ] - 
20 2a-deoxy- -D-eryfchro-pentofuranosyl) guanosine. (8) 

The substrate 7 (5.94g, lOmmol) , was dissolved in 
dry pyridine (75mL) and evaporated to dryness. This was 
repeated three times to remove traces of moisture. To this 
well dried solution of the substrate in dry pyridine 
25 (lOOmL) was added dry triethylamine (4.04g, 40mmol) , 4- 

(dimethylamino) pyridine (1.2g, 3 0mmol) at room temperature. 
The reaction mixture was stirred at room temperature for 12 
hours under argon atmosphere. Methanol (5 0mL) was added 
and the stirring was continued for 15 minutes and 
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evaporated to dryness. The residue was purified by flash 
chromatography over silica gel using dichloromethane- 
acetone containing 1% triethylamine as the eluent . The pure 
fractions were pooled together and evaporated to dryness to 
5 give 7 . 2g (80%) of the title compound as a colorless foam: 
X H NMR (Me 2 SO-d 6 ) 1.04 (m, 6 H, Isobutyryl CH 3 ) , 1.94 (m, 2 
H, CH 2 ) , 2.34 (m, 1 H, C 2 ,H) , 2.80 (m, 1 H, C 2 .H) , 3.04 (m, 1 
H, Isobutyryl CH) , 3.18 (m, 2 H, CH 2 ) , 3.28 (m, 2 H, CH 2 ) , 
3.62 (s, 3 H, OCH 3 ) , 3.66 (s, 3 H, OCH 3 ) , 3.74 (2 m, 2 H, 

10 C 5 'CH 2 ) , 3.98 (m, 3 H, CH 2 and C 4 .H) , 4.36 (m, 1 H, C 3 .H) , 
4.70 (m, 2 H, CH 2 ) , 5.44 (b s, 1 H, C 3 .OH), 6.32 (t, 1 H, 
Ji-,2' = 6.20 Hz Ci.H) , 6.64 - 7.32 (m, 15 H, ImH and ArH) , 
7.52 (s, 1 H, ImH), 7.62 (d, 2 H, ArH), 8.16 (d, 2 H, ArH), 
8.42 (s, 1 H, C 8 H) . Anal. Calcd for C49H52N8O9- H 2 0 : C, 

15 64.32; H, 5.95; N, 12.25. Found: C, 64.23; H, 5.82; N, 
12.60. 

EXAMPLE 71: 3a- 0 - (N, N-Diisopropylamino) ( - 

cyanoethoxy) phosphanyl] -5a-0- (4 , 4a-dimethoxytri tyl) -6-0- [2- 
2 0 (4-nitrophenyl) ethyl] -N 2 -isobutyryl-N 2 - [imidazol-1- 
yl (propyl) ] -9- (2 1 -deoxy- -D-erythro- 
pen to furanosyl) guano sine. (9) 

The substrate of £3 (2.5g, 2.7mmol), was dissolved 
in dry pyridine (30mL) and evaporated to dryness. This was 
2 5 repeated three times to remove last traces of water and 

dried over solid sodium hydroxide overnight. The dried 8_ 
was dissolved in dry dichloromethane (3 0mL) and cooled to 
0°C under argon atmosphere. To this cold stirred solution 
was added N, N-diisopropylethylamine (0.72g, 5.6mmol) 
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followed by ( -cyanoethoxy) chloro (N, N-diisopropylamino) 
phosphate (1.32g, 5.6mmol) dropwise over a period of 15 
minutes. The reaction mixture was stirred at 0°C for 1 hour 
and at room temperature for 2 hours. The reaction mixture 
was diluted with dichloromethane (lOOmL) and washed with 
brine (5 0mL) . The organic extract was dried over anhydrous 
MgS0 4 and the solvent was removed under reduced pressure. 
The residue was purified by flash chromatography over 
silica gel using hexane/acetone containing 1% triethylamine 
as the eluent. The main fractions were collected and 
evaporated to dryness. The residue was dissolved in dry 
dichloromethane (lOmL) and added dropwise, into a stirred 
solution of hexane (1500mL) , during 30 minutes. After the 
addition, the stirring was continued for an additional 1 
hour at room temperature under argon. The precipitated 
solid was filtered, washed with hexane and dried over solid 
NaOH under vacuum overnight to give 2 . Og (65%) of the title 
compound as a colorless powder: X H NMR (Me 2 S0-d 6 ) 1.04 (2 
m, 18 H, 3 Isobutyryl CH 3 ) , 1.94 (m, 2 H, CH 2 ) , 2.44 (m 3 H, 
C 2 .H and 2 Isobutyryl CH) , 2.80 (m, 1 H, C 2 ,H) , 3.2 (m, 5 H, 
2 CH 2 and Isobutyryl CH) , 3.44 - 3.98 (m, 12 H, CH 2 , 2 OCH 3 
and C 5 <CH 2 ) , 4.16 (m, 1 H, C 4 H) , 4.64 (m, 3 H, C 3 ,H and CH 2 ) , 
6.32 (t, 1 H, = 6.20 Hz, C X ,H) , 6.64 - 7.32 (m, 16 H, 3 

ImH and ArH) , 7.44 (d, 2 H, ArH) , 8.16 (d, 3 H, ArH and 
C 8 H) . 
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EXAMPLE 72: N 2 - [Imidazol- 1-yl (propyl) ] - 9 - (2 1 -deoxy- -D- 
erythro -pentofuranosyl) adenosine. (11) 

A suspension of 2 -chloro-9- (2 ' -deoxy- -D-erythro- 
pentofuranosyl) adenosine (10, 10.68g, 37.47mmol) and 1- (3 
aminopropyl) imidazole (12. 5g, lOOmmol) in 2 -methoxyethanol 
(80mL) was heated at 125°C for 45 hours in a steel bomb. 
The bomb was cooled to 0°C, opened carefully, and evaporated 
to dryness. The residue was coevaporated several times 
with a mixture of ethanol and toluene. The residue was 
dissolved in ethanol which on cooling gave a precipitate. 
The precipitate was filtered and dried. The filtrate was 
evaporated to dryness and the residue carried over to the 
next reaction without further purification. X H NMR (Me 2 SO- 
d 6 ) 1.94 (m, 2 H, CH 2 ) , 2.18 (m, 1 H, C 2 .H) , 2.36 (m, 1 H, 
C 2 .H) , 3.18 (m, 2 H, CH 2 ) , 3.52 (2 m, 2 H, C 5 .CH 2 ) , 3.80 (m, 

1 H, C 4 .H) , 4.02 (m, 2 H, CH 2 ) , 4.36 (m, 1 H, C 3 .H) , 5.24 (b 
s, 2 H, C 3 .Ofi and C 5 -OH) , 6.18 (t, 1 H, Ji., 2 . = 6.20 Hz, 
C X .H) , 6.42 (t, 1 H, NH) , 6.70 (b s, 2 H Ntf 2 ) , 6.96 (s, 1 H, 
ImH") , 7.24 (s, 1 H, ImH) , 7.78 (s, 1 H, ImH) , 7.90 (s, 1 H, 
C 8 H) . Anal. Calcd for Ci S H 22 N 8 0 3 : C, 51.33; H, 5.92; N, 

2 9.93. Found: C, 51.30; H, 5.92; N, 29.91. 

EXAMPLE 73: 3 ' , 5 ' -0- [ (Tetraisopropyldisiloxane-1, 3 -diyl) -N 2 - 
(imidazol-l-yl) (propyl) ] -9- (2 ' -deoxy- -D-erythro- 
pentofuranosyl) aminoadenosine . 

The crude product 11 (14.03g) was dissolved in dry 
DMF (lOOmL) dry pyridine (50mL) , and evaporated to dryness. 
This was repeated three times to remove all the water. The 
dried substrate was dissolved in dry DMF (75mL) and allowed 
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to stir at room temperature under argon atmosphere. To 
this stirred solution was added dry triethylamine (10. lg, 
lOOmmol) and 1 , 3 -dichloro-1 , 1 , 3 , 3 - tetraisopropyldisiloxane 
(TipSiCl, 15.75g, 50.00mmol) during a 15 minute period. 
5 After the addition of TipSiCl, the reaction mixture was 
allowed to stir at room temperature overnight. The 
reaction mixture was evaporated to dryness. The residue 
was mixed with toluene (lOOmL) and evaporated again. The 
residue was purified by flash chromatography over silica 

10 gel using CH 2 Cl 2 /MeOH as eluent. The pure fractions were 

pooled and evaporated to dryness to give 12.5 g (54%) of 12 
as an amorphous powder: 1 H NMR (Me 2 SO-d 6 ) 1.00 (m, 28 H) , 
1.92 (m, 2 H, CH 2 ) , 2.42 (m, 1 H, C 2 .H) , 2.80 (m, 1 H, C 2 .H) , 
3.18 (m, 2 H, CH 2 ) , 3.84 (2 m, 3 H, C 5 .CH 2 and C 4 .H) , 4.00 

15 (t, 2 H, CH 2 ) , 4.72 (m, 1 H, C 3 .H) , 6.10 (m, 1 H, Ci-H) , 6.48 
(t, 1 H, NH) , 6.74 (b s, 2 H, NH 2 ) , 6.88 (s, 1 H, ImH) , 7.18 
(s, 1 H, ImH), 7.64 (s, 1 H, ImH), 7.82 (s, 1 H, C 8 H) . 
Anal. Calcd for C 28 H5oN 8 0 4 Si 2 : C, 54.33; H, 8.14; N, 18.11. 
Found: C, 54.29; H, 8.09; N, 18.23. 

20 

EXAMPLE 74:3',5'-0- (Tetraisopropyldisiloxane- 1 , 3 -diyl) -N 6 - 
isobutyryl-N 2 - [ (imidazol- 1-yl) propyl] -9- (2 ■ -deoxy- -D- 
eryfchro-pentofuranosyl) adenosine. (13) 

A solution of 12 (12. Og, 19.42mmol) in pyridine 
25 (lOOmL) was allowed to stir at room temperature with 

triethylamine (lO.lg, lOOmmol) under argon atmosphere. To 
this stirred solution was added isobutyryl chloride (6.26g, 
60mmol) dropwise during a 25 minute period. The reaction 
mixture was stirred under argon for 10 hours and evaporated 
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to dryness. The residue was partitioned between 
dichloromethane/water and extracted with dichlorome thane (2 
X 150mL) . The organic extract was washed with brine (30mL) 
and dried over anhydrous MgS0 4 . The solvent was removed 
5 under reduced pressure and the residue was purified by 

flash chromatography over silica gel using CH 2 Cl 2 /acetone as 
the eluent to give the 13 as a foam: X H NMR (Me 2 SO-d 6 ) 
1.00 (m, 34 H) , 1.92 (m, 2 H, CH 2 ) , 2.42 (m, 1 H, C 2 .H) , 
2.92 (m, 2 H, C 2 ifl and Isobutyryl CH) , 3.24 (m, 2 H, Cff 2 ) , 

10 3.86 (m, 3 H, C s .Ctf 2 and C 4 -H) , 4.40 (m, 2 H, CH 2 ) , 4.74 (m, 
1 H, C 3 .H) , 6.22 (m, 1 H, J x , i2 , = 6.20 Hz, Ci-fl) , 6.82 (t, 1 
H, NJS) , 6.92 (s, 1 H, ImH) , 7.18 (s, 1 H, ImH) , 7.60 (s, 1 
H, ImH), 8.12 (s, 1 H, C 8 H) , 10.04 (b s, 1 H, NH) . Anal. 
Calcd for C 32 H 54 N 8 0 5 Si 2 : C, 55.94; H, 7.92; N, 16.31. Found: 

15 C, 55.89; H, 7.82; N, 16.23. 

EXAMPLE 75: N 6 -3 • , 5 1 - Tri-0- isobutyryl -N 2 - [imidazol- 1- 
yl (propyl) ] -9- (2 'deoxy- -D-erythro- 
pentofuranosyl) adenosine. (14) 

20 The crude product 11 (9.2g, 24.59mmol) was 

coevaporated three times with dry DMF/pyridine (100:50mL). 
The above dried residue was dissolved in dry DMF (lOOmL) 
and dry pyridine (lOOmL) and cooled to 0°C. To this cold 
stirred solution was added triethylamine (20. 2g, 200mmol) 

25 followed by isobutyryl chloride (15. 9g, 150mmol) . After 
the addition of IbCl, the reaction mixture was allowed to 
stir at room temperature for 12 hours. The reaction 
mixture was evaporated to dryness . The residue was 
extracted with dichloromethane (2 x 200mL) , washed with 5% 
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NaHC0 3 (50mL) solution, water (50mL) , and brine (50mL) . The 
organic extract was dried over dry MgS0 4 and the solvent was 
removed under reduced pressure. The residue was purified 
by flash column using CH 2 Cl 2 /acetone (7:3) as the eluent . 
5 The pure fractions were collected together and evaporated 

to give 7 . Og (44%) of 14 as a foam: 1 H NMR (Me 2 SO-d 6 ) 1.00 
(m, 18 H, 3 Isobutyryl CH 3 ) , 1.98 (m, 2 H, CH 2 ) , 2.42 (m, 3 
H, C 2 ,H and 2 Isobutyryl CH) , 2.92 (m, 2 H, C 2 ,H and 
Isobutyryl CH) , 3.24 (m, 2 H, CH 2 ) , 4.04 (m, 2 H, CH 2 ) , 4.22 

10 (m, 3 H, C 5 .CH 2 and C 4 .H) , 5.42 (m, 1 H C 3 .H) , 6.24 (t, 1 H, 
Ji-, 2 . = 6.20 Hz, Ci-H) , 7.04 (s, 1 H, ImH) , 7.12 (t, 1 H, 
NH) , 7.32 (s, 1 H, Imff), 8.00 (s, 1 H, ImH) , 8.12 (s, 1 H, 
C 8 H) , 10.14 (b s, 1 H, NH) . Anal. Calcd for C 28 H 40 N 8 O 6 : C, 
57.52; H, 6.89; N, 19.17. Found: C, 57.49; H, 6.81: N, 

15 19.09. 
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EXAMPLE 76: N 2 -Isobutyryl-N 2 - [imidazol-l-yl (propyl) ] -9- (2 « - 
deoxy- -D-eryfciiro-pentofuranosyl) adenosine. (15) 

Method 1: To a stirred solution of 13 (2.6g, 
3.43mmol) in dry tetrahydrof uran (60mL) was added 
5 tetrabutylammonium flouride (1M solution in THF , 17.15mL, 
17.15mmol) at room temperature. The reaction mixture was 
stirred at room temperature for 1 hour and quenched with H + 
resin. The resin was filtered, and washed with pyridine 
(2 0mL) and methanol (50mL) . The filtrate was evaporated to 

10 dryness and the residue on purification over silica column 
using CH 2 Cl 2 /MeOH (95:5) gave the title compound in 59% (lg) 
yield: 2 H NMR (Me 2 S0-d 6 ) 1.04 (m, 6 H, Isobutyryl CH 3 ) , 
1.98 (m, 2 H, CH 2 ) , 2.22 (m, 1 H, Isobutyryl CH) , 2.70 (m, 
1H, C 2 .H), 2.98 (m, 1H, C 2 .H) , 3.22 (m, 2 H CH 2 ) , 3.52 (2 m, 

15 2 H, C 5 -CH 2 ) , 3.82 (m, 1 H, C 4 .H) , 4.04 (m, 2 H, CH 2 ) , 4.38 
(m, 1 H, C 3 .H) , 4.92 (b s, 1 H, OH) , 5.42 (b s, 1 H, OH) 
6.22 (t, 1 H, Ji,, 2 , = 6.20 Hz, C r H) , 6.92 (s, 1 H, ImH) , 
7.06 (t, 1 H, NH) , 7.24 (s, 1 H, ImH), 7.74 (s, 1 H, ImH), 
8.12 (s, 1 H, C 8 H) , 10.08 (b s, 1 H, NH) . Anal. Calcd for 

20 C 20 H 28 N 8 O 4 . H 2 0; C, 54.04; H, 6.35; N, 25.21. Found: C, 
54.14; H, 6.53; N, 25.06. 

Method 2: To an ice cold (0 to -5°C) solution of 
14 (7.4g. 12.65mmol) in pyridine : EtOH : H 2 0 (70:50:10mL) was 
added 1 N KOH solution (0°C, 25mL, 25mmol) at once. After 

25 10 minutes of stirring, the reaction was quenched with H + 
resin (pyridinium form) to pH 7 . The resin was filtered, 
and washed with pyridine (25mL) and methanol (lOOmL) . The 
filtrate was evaporated to dryness and the residue was 
purified by flash chromatography over silica gel using 
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CH 2 Cl 2 /MeOH (9:1) as eluent . The pure fractions were pooled 
together and evaporated to give 1 . 8g (37%) of 15. 

EXAMPLE 77: 5 ' -O- (4 , 4 ' -Dimethoxytrityl) -N 6 - isobutyryl -N 2 - 
[imidazol-l-yl (propyl) ] - 9 - (2 ' deoxy- -D-erythro- 
pentofuranosyl) adenosine. 

To a well dried (coevaporated three times with dry 
pyridine before use) solution of 15 (3.6g, S.llramol) in dry 
pyridine (lOOmL) was added triethylamine (l.Olg, lO.OOmmol) 
followed by 4 , 4 ' -dimethoxytrityl chloride (3.38g, 
lO.OOmmol) at room temperature. The reaction mixture was 
stirred under argon for 10 hours and quenched with methanol 
(20mL) . After stirring for 10 minutes, the solvent was 
removed under reduced pressure. The residue was dissolved 
in dichloromethane (250mL) , washed with water (50mL) , and 
brine (50mL) , and dried over MgS0 4 . The dried organic 
extract was evaporated to dryness to an orange foam. The 
foam was purified by flash chromatography over silica gel 
using CH 2 Cl 2 /MeOH (95:5) as eluent. The required fractions 
were collected together and evaporated to give 4.6 g (76%) 
of 16 as amorphous solid: 1 H NMR (Me 2 SO-d 6 ) 1.04 (m, 6 H, 
Isobutyryl CH 3 ) , 1.90 (m, 2 H, CH 2 ) , 2.30 (m, 1 H, C 2 .H) , 
2.82 (m, 1 H, C 2 .H), 2.94 (m, 1 H, Isobutyryl CH) , 3.14 (m, 
4 H, CH 2 and C 5 ,CH 2 ), 3.72 (m, 6 H, OCH 3 ) , 3.92 (m, 3 H, CH 2 
and C 4 .H) , 4.44 (m, 1 H, C 3 .H) , 5.44 (b s, 1 H, C 5 .0H) , 6.28 
(t, 1 H, Ji, <2 , = 6.20 Hz, d.H), 6.72 - 7.32 (m, 18 H, ImH, 
NH and ArH) , 7.64 (s, 1 H ImH), 8.02 (s, 1 H, C 8 H) , 10.10 (b 
s, 1 H, NH) . Anal. Calcd for C 4 iH 46 N 8 0 6 : C, 65.93; H, 6.21; 
N, 15.00. Found: C, 65.81; H, 6.26; N, 14.71. 
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EXAMPLE 78: 3 ' -O- [ (N, N-diisopropylamino) ( - 
cyanoethoxy) phosphanyl] -5 ' -O- (4 , 4 ' -dimethoxytrityl-N 6 - 
isobutyryl-N 2 - [imidazol- 1-yl (propyl) ] -9- (2 'deoxy- -D- 
ery thro -pen to f uranosyl) adenosine . 

The substrate 16 (4.2g, 5.6mmol) was coevaporated 
with dry pyridine (50 mL) three times. The resulting 
residue was dissolved in dry dichloromethane (50mL) and 
cooled to 0°C in a ice bath. To this cold stirred solution 
was added N, N-diisopropyl ethyl amine (1.44 g, 11.2 mmol) 
followed by ( -cyanoethoxy) chloro (N-- 
diisopropylamino) phosphane (1.32g, 5.6mmol) over a period 
of 15 minutes. After the addition, the reaction mixture 
was stirred at 0°C for 1 hour and room temperature for 2 
hours. The reaction was diluted with dichloromethane 
(150mL) and washed with 5% NaHC0 3 solution (25mL) and brine 
(25mL) . The organic extract was dried over MgS0 4 and the 
solvent was removed under reduced pressure. The residue 
was purified by flash chromatography over silica gel using 
CH 2 Cl 2 /MeOH (98:2) containing 1% t riethylamine as eluent . 
The pure fractions were collected together and evaporated 
to dryness to give 3 . 9g (73%) of 17. 

EXAMPLE 79: N 2 - [Imidazol -4 -yl (ethyl) ] -9- (2 ' -deoxy- -D- 
erythro - p en to furano sy 1 ) guano sine. 

A mixture of 3 and histamine (4.4g, 4 0.00mmol) in 
2 -methoxyethanol (60mL) was heated at 110°C in a steel bomb 
for 12 hours. The steel bomb was cooled to 0°C, opened 
carefully, and the precipitated solid was filtered, washed 
with acetone and dried. The dried material was 
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recrystallized from DMF/H 2 0 for analytical purposes. Yield 
6g (79%): mp 220-22°C: X H NMR (Me 2 SO-d 6 ) 2.22 (m, 1 H, 
C 2 .H), 2.64 (m, 1 H, C 2 .H) , 2.80 (m, 1 H, CH 2 ) , 3.52 (m, 4 H, 
CH 2 and C 5 .CH 2 ) , 3.80 (m, 1 H, C 4 .H) , 4.42 (m, 1 H, C 3 .H), 
4.98 (b s, 1 H, C 5 .0H) , 5.44 (b s, 1 H, C 3 .OH), 6.16 (t, 1 H, 
Ji., 2 - = 6.20 Hz, Ci.H) , 6.44 (b s 7 1 H, NH) , 6.84 (s, 1 H, 
ImH) , 7.56 (s, 1 H, ImH) , 7.92 (s, 1 H, C 8 H) , 10.60 (b s, 1 

H, NH) , 11.90 (b s, 1 H, NH) . Anal. Calcd for C 15 H 19 N 7 0 4 : C, 
49.85/ H, 5.30; N, 27.13. Found: C, 49.61; H, 5.21; N, 

26 . 84 . 

EXAMPLE 80: 3 • , 5 » -O- (Tetraisopropyldisiloxane- 1 , 3 -diyl) -N 2 - 
(imidazol-4-yl (ethyl) -9- (2 ' -deoxy- -D-erythro- 
pentof uranosyl) guanosine . 

To a stirred suspension of 1_8 (2.4g, 6.65mmol) in 
dry DMF (50mL) and dry pyridine (20mL) was added 
triethylamine (4.04g, 40.00mmol) followed by 1 , 3 -dichloro- 

I, 1, 3, 3 -tetraisopropyldisiloxane (4.18g, 13.3mmol) at room 
temperature. After the addition of TipSiCl, the reaction 
mixture was stirred overnight and evaporated to dryness. 
The residue was purified by flash chromatography over 
silica gel using CH 2 Cl 2 /MeOH (9:1) as eluent . The pure 
fractions were pooled together and evaporated to dryness to 
give 3.2g (80%) of 19. The pure product was crystallized 
from acetone/dichloromethane as colorless solid, mp 245- 
247°C: X H NMR (Me 2 SO-d s ) 1.00 (m, 28 H) , 2.46 (m, 1 H, 
C 2 .Jf), 2.72 (m, 1 H, C 2 ,H), 2.84 (m, 1 H, CH 2 ) , 3.54 (m, 2 H, 
CH 2 ) , 3.90 (m, 3 H, C 4 .Hand C 5 .CH 2 ) , 4.70 (m, 1 H, C 3 ,H), 
6.12 (t, 1 H, Ji, #a , = 6.20 Hz, Ci-H) , 6.68 (b s, 1 H, NH) , 
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7.20 (s, 1 H, ImH) , 7.80 (s, 1 H, ImH) , 8.40 (s, 1 H, C a H) , 
10.72 (b s, 1 H, NH) . Anal. Calcd for C 27 H 45 N 7 0 5 Si 2 : C, 
53.70; H, 7.51; N, 16.24. Found: C, 53.38; H, 7.63; N, 
15.86. 

EXAMPLE 81:3 '5' -O- (Tetraisopropyldisiloxane- 1 , 3 -diyl) -6-0- 
diphenyl- carbamoyl -N 2 - [ (Ni-diphenylcarbamoyl) imidazol-4- 
yl (ethyl) ] -9- (2 ' -deoxy- -D-erythro- 
pentofuranosyl) guanosine. (20) 

To a well stirred solution of the substrate 1_9 
(6.03g, 10 . OOmmol) in dry DMF (50mL) and dry pyridine 
(50mL) was added N, N-diisopropylethylamine (5.16g, 
40 . OOmmol) followed by diphenyl carbamoyl chloride (6.93g, 
30. OOmmol) at room temperature. The reaction mixture was 
allowed to stir at room temperature for 5 hours and 
evaporated to dryness. The residue was dissolved in CH 2 C1 2 
(400mL) , washed with water (lOOmL) and brine (50mL) , dried 
over MgS0 4 , and evaporated to dryness. The residue was 
purified by flash chromatography using hexane/acetone (8:2) 
to give the title compound in 78.5% (7.8g) yield: 1 H NMR 
(Me 2 SO-d 6 ) 1.04 (m,28 H) , 2.54 (m, 1 H, C 2 .H) , 2.65 (m, 1 
H, C 2 .H), 2.72 (m, 2 H, CH 2 ) , 3.64 (m, 2 H, CH 2 ) , 3.86 (m, 1 
H, C 4 .H), 4.00 (m, 2 H, C 5 .CH 2 ) , 4.74 (m, 1 H, C 3 .H), 5.30 (b 
S, 1 H, NH) , 6.22 (m, 1 H, C X <H) , 6.72 (s, 1 H, ImH), 7.12 - 
7.50 (m, 20 H, ArH) , 7.70 (s, 1 H, ImH) , 7.86 (s, 1 H, C 8 H) . 
Anal. Calcd for C 5 3H 63 N 9 0 7 Si 2 : C, 64.02; H ; 6.39; N, 12.68. 
Found: C, 64.13; H, 6.43; N, 12.79. 
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EXAMPLE 82: 6 -O-Diphenylcarbamoyl -N 2 - C (Ni- 
diphenylcarbamoyl) imidazol-4-yl (ethyl) ] -9- (2 ' -deoxy- -D- 
erytiuro-pentofuranosyl) guanos ine. (21) 

To a stirred solution of the protected derivative 
5 of 20 (1.8g, 1.81mmol) in pyridine/THF (30:2 0mL) was added 
a 0 . 5M tetrabutyl- ammonium fluoride [prepared in a mixture 
of tetrahydrofuran-pyridine-water (8 : 1 : 1 ; v/v/v; 20mL)] at 
room temperature. The reaction mixture was stirred for 15 
minutes and quenched with H + resin (pydinium form) to pH 6- 

10 7. The resin was filtered off, and washed with pyridine 

(25mL) and methanol (30mL) . The filtrate was evaporated to 
dryness and the residue was purified by flash 
chromatography using CH 2 Cl 2 /MeOH (95:5) to give 1.2 g (88%) 
of 21 as a colorless amorphous solid: X H NMR (Me 2 SO-d 6 ) 

15 2.32 (m, 1 H, C 2 <H) , 2.72 (m, 2 H, CH 2 ) , 2.94 (m, 1 H, C 2 ,H) , 
3.46 (m, 1 H, C 4 .H) , 3.54 - 3.88 (m, 4 H, CH 2 and C 5 ,CH 2 ) , 
4.00 (b s, 1 H, C 3 .H) , 5.20 (b s, 2 H, OH), 5.42 (t, 1 H, 
Njy) , 6.10 (t, 1 H, Ji, <a . = 6.20 Hz Ci-fl) , 6.80 (s, 1 H, ImfJ) , 
7.14 - 7.48 (m, 20 H, ArH) , 7.64 (s, 1 H, ImH) , 7.74 (s, 1 

20 H, C a H) . Anal. Calcd for C4iH 37 N 9 0 6 : C, 65.50; H, 4.96; N, 
16.77. Found: C, 65.31; H, 5.10; N, 16.40. 

EXAMPLE 83:5' -0- (4 , 4 ' -Dimethoxytrityl) -6-diphenylcarbamoyl- 
N 2 - [ (Ni-diphenylcarbamoyl) imidazol-4-yl (ethyl) ] -9- (2 1 -deoxy- 
2 5 -D-ejrytii.ro- pent of uranosyl) guanosine. 

To a well dried solution of the substrate 21 
(1.4g, 1.87mmol) in dry pyridine (70mL) was added 
triethylamine (0.30g, 3.0mmol) followed by 4,4'- 
dimethoxytrityl chloride (0.85g, 2.5mmol) at room 
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temperature. The stirring was continued overnight under 
argon atmosphere. Methanol (lOmL) was added, stirred for 
10 minutes and evaporated to dryness. The residue was 
dissolved in CH 2 C1 2 (150mL) , washed with water (20mL) and 
5 brine (2 0mL) , dried over MgS0 4 , and the solvent removed 

under reduced pressure. The crude product was purified by 
flash chromatography over silica gel using CH 2 Cl 2 /acetone 
(7:3) containing 1% t riethylamine as eluent . Yield 1.4 g 
(71%): 1 H NMR (Me 2 SO-d 6 ) 2.44 (m, 1 H, C 2 -H) , 2.62 (m, 2 H, 
10 CH 2 ) , 2.98 (m, 1 H, C 2 .H), 3.26 (m, 4 H, CH 2 and C 5 .CJJ 2 ) , 3.40 
(m, 1 H, C 4 iH) , 3.68 (2 s, 6 H, 2H 0CH 3 ) , 4.00 (m, 1 H, 
C 3 -H) , 5.34 (t, 1 H, NH) , 5.44 (b s, 1 H, C 3 .OH), 6.12 (m, 1 
H, Ci.fl) , 6.66 - 7.48 (m, 34 H, IraH and ArH) , 7.62 (s, 1 H, 
IvaH) , 7.78 (s, 1 H, C 8 H) . Anal. Calcd for C 6 2H 55 N 9 0 8 4 : C, 
15 70.64; H, 5.26; N, 11.96. Found: C, 70.24; H, 5.39; N, 
11.66. 

EXAMPLE 84 : 3 ' -O- [ (N, N-Diisopropylamino) ( - 
cyanoethoxy)phosphanyl] -5' -O- (4,4' -dimethoxytrityl) -6-0- 

20 diphenylcarbamoyl-N 2 - [ (Ni-diphenylcarbamoyl ) imidazol-4- 
yl (ethyl) ] -9- (2 ' -deoxy- -D-erythro- 
pentofuranosyl) guanosine. 

Well dried 2_2 was dissolved in dry dichloromethane 
(30mL) and cooled to 0°C under argon atmosphere. To this 

25 cold stirred solution was added N, N-diisopropylethylamine 
(0.39g, 3.00mmol) followed by ( -cyanoethoxy) chloro (N,N- 
di isopropyl amino ) phosphane (0.71g, 3.0mmol) over a period 
of 10 minutes. The reaction mixture was allowed to stir at 
room temperature for 2 hours and diluted with CH 2 C1 2 
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(12 0mL) . The organic layer was washed with 5% NaHC0 3 
(25mL) , water (25mL) , and brine (25mL) . The extract was 
dried over anhydrous MgS0 4 and evaporated to dryness. The 
residue was purified by flash using hexane/ethyl acetate 
5 (3:7) containing 1% t riethylamine as eluent . The pure 

fractions were pooled together and concentrated to dryness 
to give 1 . Og (70%) of 23 as a foam: a H NMR (Me 2 SO-d s ) 1.12 
(m, 12 H, 2 Isobutyryl CH 3 ) , 2.52 (m, 5 H, C 2 ,H, CH 2 and 
Isobutyryl CH) , 2.62 (m, 2 H) , 3.06 (m, 1 H, C 2 ,H) , 3.24 (m, 
10 2 H, CH 2 ) 3.40 (m ; 2 H, CH 2 ) , 3.50 - 3.80 (m, 10 H, 2 0CH 3 , 
CH 2 and C 5 .CH 2 ) , 4.08 (m, 1 H , C 4 .H), 4.82 (m, 1 H, C 3 ,H) , 
5.74 (b s, 1 H, NJf) , 6.24 (m, 1 H, Ci-H) , 6.64 - 7.52 (m, 34 
H, Imff and ArH) , 7.62 (s, 1 H, ImH) , 7.94 (s, 1 H, C 8 H) . 

15 EXAMPLE 85: N 2 - Nony 1 - 9 - ( 2 ' - deoxy - - D - erythro - 
pentof uranosyl ) guanosine . 

A mixture of 2 -chloro-2 ' -deoxyinosine and compound 
_3 (9.5g, 33.22mmol) and nonylamine (9.58g, 67.00mmol) in 2- 
methoxyethanol (60mL) was heated at 12 0°C for 12 hours in a 

20 steel bomb. The steel bomb was cooled to 0°C, opened 

carefully and the solvent removed under reduced pressure. 
The residue was coevaporated with a mixture of dry 
pyridine/dry toluene (5 0mL each) . The above process was 
repeated for three times and the resultant residue was 

2 5 carried over to the next reaction without further 

purification. A small amount of material was precipitated 
from the solution which was filtered and dried: mp 164- 
167°C: X H NMR (Me 2 SO-d 6 ) 0.82 (t, 3 H, CH 3 ) , 1.24 (m, 12 
H, 6 CH 2 ) , 1.48 (m, 2 H, CH 2 ) , 2.18 (m, 1 H, C 2 ,H) , 2.62 (m, 
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1 H, C 2 .H) , 3.22 (m, 2 H, CH 2 ) , 3.50 (m, 2 H, C 5 ,CJf 2 ) , 3.78 
(m, 1 H, C 4 .H) , 4.32 (m, 1 H, C 3 ,H) , 4.84 (t, 1 H, C 5 .0#), 
5.24 (m, 1 H, C 3 .OH) , 6.12 (m, 1 H, Ci-fl) , 6.44 (b s, 1 H, 
NH) , 7.86 (s, 1 H, C B ff) , 10.52 (b s, 1 H, NH) . Anal. Calcd 
5 for C 19 H 31 N 5 04. H 2 0 : C, 55.45; H, 8.08; N, 17.00. Found: C, 
55.96; H, 7.87; N, 16.59. 

EXAMPLE 86: N 2 , 3 • , 5 ■ -Tri-0- isobutyryl -N 2 -nonyl - 9 - (2 • -deoxy- 
-D-erythro-pentofuranosyl) guanosine. 

10 The crude product of 84 (18g, 32.91ramol) was 

coevaporated three times with a mixture of dry DMF/pyridine 

(50mL each) . The residue was dissolved in dry pyridine 

(150mL) and cooled to 0°C. To this cold stirred solution 
was added triethylamine (30. 3g, 300mmol) followed by 
15 isobutyryl chloride (21. 2g, 200mmol) over a 30 minute 

period. After the addition of IbCl, the reaction mixture 
was allowed to stir at room temperature for 10 hours and 
was then evaporated to dryness . The residue was 
partitioned between CH 2 Cl 2 /water (300 : 150mL) and extracted 
20 in CH 2 C1 2 . The organic extract was washed with 5% NaHC0 3 

(50mL) , water (50mL) and brine (50mL) , dried over anhydrous 
MgS0 4 , and evaporated to dryness. The residue was purified 
by flash chromatography over silica gel using CH 2 Cl 2 /EtOAc 

(6:4) as eluent . The pure fractions were pooled and 
25 evaporated to give lOg (40%) of 25 as foam: X H NMR (Me 2 S0- 
de) 0.82 (t, 3 H, CH 3 ) , 1.12 (m, 30 H, 3 Isobutyryl CH 3 
and 6 CH 2 ) , 1.44 (m ; 2 H, CH 2 ) , 2.54 (m, 4 H, C 2 .H and 3 
Isobutyryl CH) , 3.00 (m, 1 H, C 2 >H) , 3.62 (m, 2 H, CH 2 ) , 
4.20 (m, 3 H, C 5 .CH 2 and C 4 .H) , 5.32 (m, 1 H, C 3 ,H) , 6.24 (t, 
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1 H, Ji., a . = 6.20 Hz, Ci.H) , 8.28 (s, 1 H, C 8 H) , 12.82 (b s, 
1 H, NH) . Anal. Calcd for C 3 iH4 9 N 5 0 7 : C, 61.67; H, 8.18; N, 
11.60. Found: C, 61.59; H, 8.23; N, 11.34. 

5 EXAMPLE 87: 3 • , 5 • -0- (Tetraisopropyldisiloxane- 1, 3-diyl) -N 2 - 
nonyl - 9 - (2 • -deoxy- -D-erythro-pentofuranosyl) guano sine . 

To a well dried solution of the crude product of 
85 (16.4g, 3 0.0 0mmol) in dry DMF (lOOmL) and dry pyridine 
(lOOmL) was added triethylamine (lO.lg, lOOmmol) and 1,3- 

10 dichloro-1, 1, 3, 3 -tetraisopropyldisiloxane (15.75g, 50mmol) 
during 3 0 min period. The reaction mixture was allowed to 
stir at room temperature overnight and was then evaporated 
to dryness. The crude product was dissolved in CH 2 C1 2 
(300mL) , washed with water (lOOmL) , and brine (50mL) . The 

15 extract was dried over MgS0 4 and the solvent was removed 
under reduced pressure. The residue was purified over 
silica column using CH 2 Cl 2 /acetone (7:3) to give 14g (59%) 
of 2_6 as colorless foam. This on crystallization with the 
same solvent provided crystalline solid, mp 210-212°C: 1 H 

20 NMR (Me 2 S0-d 6 ) 0.82 (m, 3 H, CH 3 ) , 1.02 (m, 28 H) , 1.24 
(m, 12 H, 6 CH 2 ) , 1.50 (m, 2 H, CH 2 ) , 2.42 (m, 1 H, C 2 .H) , 
2.84 (m, 1 H, C 2 <H) , 3.24 (m, 2 H, CH 2 ) , 3.82 (m, 2 H, 
C 5 ,CH 2 ) , 3.92 (m, 1 H, C 4 .H) , 4.72 (m, 1 H, C 3 ,H) , 6.12 (t, 1 
H, Ji- i2 . = 6.20 Hz, Ci-H) , 6.36 (b a, 1 H, NH) , 7.78 (s, 1 H, 

25 C 8 H) , 10.38 (b s, 1 H, NH) . Anal. Calcd for C 31 H5 7 N 5 0 5 Si 2 : 

C, 58.54; H, 9.03; N, 11.01. Found: C, 58.64; H, 9.09; N, 
10 . 89 . 
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EXAMPLE 88: N 2 - Isobutyryl -3 ' , 5 1 -O- ( tetraisopropyldisiloxane- 
1, 3-diyl) -N 2 -nonyl- 9 - (2 1 -deoxy- -~D-eryth.ro- 
pentofuranosyl) guanosine. 

To a solution of 8_6 (14. Og, 17.72mmol) in dry DMF 
5 (5 0mL) and dry pyridine (150mL) was added triethylamine 
(3.54g, 3 5.0 0mmol) and isobutyryl chloride (3.71g, 
3.5mmol) . The reaction mixture was stirred at room 
temperature overnight and evaporated to dryness. The 
residue was dissolved in CH 2 C1 2 (2 50mL) , washed with 5% 

10 NaHC0 3 (5 0mL) , water (5 0mL) and brine (5 0mL) , dried over 

MgS0 4 , and the solvent removed under reduced pressure. The 
residue was purified by flash chromatography over silica 
gel using CH 2 Cl 2 /acetone (9:1) as eluent. The pure 
fractions were pooled together and evaporated to dryness to 

15 give 12. Og (77%) of the title compound as foam: X H NMR 

(Me 2 S0-d 6 ) 0.80 (m, 3 H, CH 3 ) , 0.98 (m, 34 H) , 1.20 (m, 
12 H, 6 CH 2 ) , 1.42 (m, 2 H, CH 2 ) , 2.52 (m, 2 H, C 2 .Hand 
Isobutyryl CH) , 2.82 (m, 1 H, C 2 ,H) , 3.62 (m, 2 H, CH 2 ) , 
3.84 (m, 3 H, C 5 .CH 2 and C 4 -H) , 4.72 (m, 1 H, C 3 ,H) , 6.22 (t, 

20 1 H, Ji.,2' = 6.20 Hz, d<H) , 8.18 (s, 1 H, C 8 H) , 12.80 (b s, 
1 H, NH) . 

EXAMPLE 89: N 2 - Isobutyryl -N 2 -nonyl - 9 - (2 • -deoxy- -D-erythro- 
pentofuranosyl) guanosine . (2 8) 
2 5 Method 1: The substrate of 85 (5.00g, 6.6mmol) 

was dissolved in methanol (lOOmL) and treated with 
concentrated NH 4 OH (lOOmL) . The reaction mixture was 
stirred for 4 hours at room temperature and evaporated to 
dryness. The residue was purified by flash chromatography 
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over silica gel using CH 2 Cl 2 /MeOH (95:5) as eluent . The 
required fractions were collected together and evaporated 
to dryness and the residue on crystallization from 
CH 2 Cl2/acetone gave a colorless crystalline solid, yield 2g 
5 (66%) : mp 113-115°C. 

Method 2: A stirred solution of 27 (4.29g, 
4.99mmol) in dry tetrahydrof uran (50mL) was treated with 1M 
solution of tetrabutylammonium fluoride (20mL, 20.00mmol). 
The reaction mixture was stirred at room temperature for 4 

10 hours and evaporated to dryness. The residue was purified 
by flash chromatography using CH 2 Cl 2 /MeOH (95:5) to give 
1.59g (69%) of 28: X H NMR (Me 2 SO-d 6 ) 0.80 (m, 3 H, CH 3 ) , 
0.98 (m, 6 H, Isobutyryl CH 3 ) , 1.16 (m, 12 H, 6 CH 2 ) , 1.42 
(m, 2 H, CH 2 ) , 2.24 (m, 1 H, C 2 'H) , 2.52 (m, 2 H, C 2 -H and 

15 Isobutyryl CH) , 3.50 (m, 2 H, C 5 <CH 2 ) , 3.62 (m, 2 H, CH 2 ) , 
3.82 (m, 1 H, C 4 .H) , 4.36 (m, 1 H, C 3 .H) , 4.94 (t, 1 H, 
C 5 ,OH) , 5.34 (m, 1 H, C 3 .OJ2), 6.22 (t, 1 H, Ji., 2 « = 6.20 Hz, 
Ci-H) , 8.28 (s, 1 H, C 8 H) , 12.78 (b s, 1 H, NH> . Anal. 
Calcd for C 2 3H3 7 N 5 0 5 : C, 59.59; H, 8.05; N, 15.11. Found: 

20 C, 59.50; H, 8.08; N, 15.06. 

EXAMPLE 90: 5 ' -O- (4 , 4 • -Dimethoxytrityl) -N 2 - isobutyryl -N 2 - 
nonyl-9- (2 1 -deoxy- -D-erytiaro-pentof uranosyl) guanosine . 
(29) 

25 To a stirred solution of 28 (2.00g, 4.32mmol) in 

dry pyridine (75mL) was added triethylamine (0.61g, 
6.00mmol) and 4 , 4 1 -dimethoxytrityl chloride (2.03g, 
6.00mmol) at room temperature. The reaction was stirred 
under argon atmosphere for 6 hours and quenched with 
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methanol (lOmL) . The solvent was removed under reduced 
pressure and the residue dissolved in CH 2 C1 2 (150mL) . The 
organic extract was washed with water (25mL) and brine 

(25mL) , dried over MgS0 4 , and evaporated to dryness. The 
5 residue was purified by flash chromatography over silica 
gel using CH 2 Cl 2 /acetone (7:3) as eluent. The pure 
fractions were pooled together and evaporated to give 2g 

(60%) of 29 as foam: 1 H NMR (Me 2 SO-d 6 ) 0.80 (m, 3 H, CH 3 ) , 
0.96 (m, 6 H, Isobutyryl CH 3 ) , 1-16 (m, 12 H, 6 CH 2 ) , 1.36 
10 (m, 2 H, CH 2 ) , 2.32 (m, 1 H, C 2 <H) , 2.60 (m, 1 H, Isobutyryl 
CH) , 2.72 (m, 1 H, C 2 .H) , 3.12 (m, 2 H, CH 2 ) , 3.52 (m, 2 H, 
C5.CH2) , 3.70 (2d, 6 H, 2 OCH3) , 3.90 (m, 1 H, C 4 -H) , 4.34 

(m, 1 H, C 3 ,H) , 5.36 (m, 1 H, C31OH) , 6.26 (t, 1 H, Ji., 2 . = 
6.20 Hz, Ci-H) , 6.70 - 7.36 (m, 13 H, ArH) , 8.18 (s, 1 H, 
15 C 8 H) . Anal. Calcd for C 4 4H5sN 5 0 7 : C, 68.90; H, 7.36; N, 
9.31. Found: C, 68.76; H, 7.47; N, 9.09. 

EXAMPLE 91: 3 ' -0- [ (N, N-Diisopropylamino) ( - 
cyanoethoxy)phosphanyl] -5 ' -O- (4,4 1 -dimethoxytrityl) -N 2 - 
20 isobutyryl -N 2 -nonyl- 9- (2 1 -deoxy- -D-erythro- 
pentofuranosyl) guanos ine. (30) 

A well dried solution of 29 (1.7g, 2.22mmol) in 
dry dichloromethane (3 0mL) was cooled to 0°C. To this cold 
solution was added N, N-diisopropyethylamine (0.57g, 
25 4.4mmol) and ( -cyanoethoxy) chloro (N, N- 

diisopropylamino) phosphane (0.94g, 4.0mmol) under argon 
atmosphere. The reaction mixture was stirred at room 
temperature for 2 hours and diluted with CH 2 C1 2 (170mL) . 
The organic extract was washed with 5% NaHC0 3 (25mL) , water 
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(25mL) and brine (25mL) , dried over Na 2 S0 4/ and evaporated 
to dryness. The residue was purified on a silica column 
using CH 2 Cl 2 /acetone (9:1) containing 1% triethylamine as 
eluent. The pure fractions were pooled together and 
evaporated to dryness to give 1 . 5g (53%) of 30. 

EXAMPLE 92: 3 ' , 5 ' -0- (Tetraisopropyldisiloxane- 1, 3 -diyl) - 2 - 
chloro-9- (2' -deoxy- -D-ex-ythx-o-pentofuranosyl) adenosine . 
(31) 

Compound 3JL was prepared from compound 1_0 by 
following the procedure used for the preparation of 12. 
Starting materials used: 10 (4.30g, 15.09mmol), 1,3- 
dichloro-l, 1 , 3 , 3 -tetraisopropyldisiloxane (4 . 74g, 
15.1mmol), dry TEA (3.05g, 30.2mmol), and dry pyridine 
(lOOmL) . The crude product was purified by flash 
chromatography using CH 2 Cl 2 /acetone (7:3) as eluent to give 
7.3g (92%) of 31. The pure product was crystallized from 
ethylacetate/hexane as a colorless solid, mp 183-185°C: X H 
NMR (Me 2 S0-d e ) 1.00 (m, 28 H) , 2.54 (m, 1 H, C 2 ,H) , 2.82 
(m, 1 H, C 2 .H) , 3.76 (m, 1 H, C 4 .H) , 3.86 (m, 2 H, C 5 ,CH 2 ) , 
5.08 (m, 1 H, C 3 .H), 6.22 (t, 1 H, Ji, f2 , = 6.20 Hz, C r ,H) , 
7.82 (b s, 2 H, NH 2 ), 8.22 (s, 1 H, C 8 H. Anal. Calcd for 
C 22 H 3 8ClN 5 04Si2 : C, 50.02/ H, 7.25; N, 13.26, CI, 6.72. 
Found: C, 50.24; H, 7.28; N, 13.07, CI, 6.63. 
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EXAMPLE 93: 3 ' , 5 ' -O- (Tetraisopropyldisiloxane- 1 , 3 -diyl) -2 - 
chloro-N 6 -benzoyl-9- (2 ' -deoxy- -D-erythro- 
pentofuranosyl) adenosine. (32) 

A well dried solution of 31 (8g, 15.00mmol) in dry 
5 pyridine (150mL) was allowed to react with triethylamine 
(4.55g, 45.00mmol) and benzoyl chloride (6.3g, 45.00mmol) 
at room temperature for 12 hours under argon atmosphere. 
The reaction mixture was evaporated to dryness. The 
residue was partitioned between CH 2 Cl 2 /water and extracted 

10 in CH 2 C1 2 (2 x 150mL) . The organic extract was washed with 
brine (60mL) , dried over MgS0 4 and evaporated to dryness. 
The residue was purified and silica column using 
CH 2 Cl 2 /acetone as eluent and crystallization from the same 
solvent gave 8.2g (86%) of 32. mp 167-170°C: X H NMR (Me 2 SO- 

15 d 6 ) 1.00 (m, 28 H) , 2.60 (m, 1 H, C a .H) , 3.02 (m, 1 H, 
C 2 ,H), 3.84 (m, 3 H, C 5 ,CH 2 and C 4 ,H) , 5.04 (m, 1 H, C 3 .H) , 
6.34 (d, 1 H, d.H), 7.42 -7.84 (m, 5 H, Arff) , 8.70 (s, 1 H, 
C 8 H) . Anal. Calcd for C 29 H 42 ClN 5 0 5 Si 2 : C, 55.08; H ; 6.69; N, 
11.08, CI, 5.61. Found: C, 55.21; H, 6.79; N, 11.19, CI, 



EXAMPLE 94: N 6 -Benzoyl -2 -chloro- 9 - (2 ' -deoxy- -B-erythro- 
pentofuranosyl) adenosine. (33) 

To a stirred solution of 32 (7.9g, 12.5mmol) in 
25 dry THF (lOOmL) was added 1M solution of tetrabutylammoniur 
fluoride (50mL, 50.00mmol) slowly over a 15 minute period 
at room temperature. The reaction mixture was stirred for 
6 hours and evaporated to dryness. The residue was 
purified by flash chromatography using CH 2 Cl 2 /acetone (7:3) 
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as eluent to give 3.88 g (80%) of 33_. mp >275°C dec: X H NMR 
(Me 2 SO-d 6 ) 2.34 (m, 1 H, C 2 .H) , 2.72 (m, 1 H, C 2 -H) , 3.58 
(tn, 2 H, C 5 .CH 2 ) , 3.88 (m, 1 H, C 4 .H) , 4.42 (m, 1 H, C 3 -H), 
4.96 (t, 1H, C 5 .0H) , 5.38 (d, 1 H, C 3 '0H), 6.40 (t, 1 H, 
5 Ji., 21 = 6.20 Hz, Ci.H) , 7.52 (m, 2 H, ArH) , 7.64 (m, 1 H, 

ArH), 8.04 (d, 2 H, ArH) , 8.70 (s, 1 H, C 8 H) , 11.52 (b s, 1 
H, NH) . Anal. Calcd for Ci 7 H ls ClN 5 04 : C, 52.37; H, 4.14; N, 
17.97; CI, 9.11. Found: C, 52.31; H, 4.07; N, 17.94; CI, 
9 . 03 . 

10 

EXAMPLE 95: 5 » -0- (4, 4 ' -Dimethoxytrityl) -N 6 -benzoyl -2 -chloro- 
9- (2 1 -deoxy- -D-erytiiro-pentofuranosyl) adenosine . (34) 

The compound was prepared from 3_3 by following the 
procedure used for the preparation of 8. Starting 

15 materials used: 33 (2.5g. 6.43mmol), 4 , 4 ' -dimethoxytrityl 

chloride (2.37g, 7.0mmol), dry TEA (0.71g, 7.0mmol) and dry 
pyridine (lOOmL) . The crude product was purified by flash 
chromatography using CH 2 Cl 2 /EtOAc (7:3) containing 1% 
triethylamine as the eluent to give 3g (68%) of 34 as foam: 

20 X H NMR (Me 2 SO-d 6 ) 2.34 (m, 1 H, C 2 .H) , 2.82 (m, 1 H, C 2 .H) 
3.18 (m, 2 H, C 5 'CH 2 ) , 3.64 (2d, 6 H, OCH 3 ) , 3.98 (m, 1 H, 
C A .H) , 4.44 (m, 1 H, C 3 <H) , 5.40 (d, 1 H, OH), 6.42 (t, 1 H, 
Ji>, 2' = 6.20 Hz, Ci,#) , 6.74 (m, 4 H, ArH) , 7.16 (m, 7 H, 
ArH) , 7.32 (m, 2 H, ArH), 7.52 (m, 7 H, ArH), 7.64 (m, 1 H, 

25 ArH), 8.04 (m, 2 H, ArH) , 8.58 (s, 1 H, C 8 H) , 11.50 (b s, 1 
H, NH) . Anal. Calcd for C 3 8H34C1N 5 0 6 : C, 65.93; H, 4.95; N, 
10.12; CI, 5.13. Found: C, 65.55; H, 5.16; N, 9.73; Cl , 
5.10. 
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EXAMPLE 96: 3 • -O- [ (N, N-Diisopropylamino) ( - 
cyanoethoxy)phosphanyl] -5 » -O- (4,4 » -dimethoxytrityl) -N 6 - 
benzoyl-2-chloro-9- (2»-deoxy- -D -ery thro- 
pent of uranosyl) adenosine . (35) 

The title compound was prepared from 34 by 
following the procedure used for the preparation of 9. 
Starting materials used: Compound 34 (2.4g, 3.47mmol), N, 
N-diisopropylethylamine (1.22mL, 7.00mmol), ( -cyanoethoxy) 
chloro (N,N-diisopropylamino) phosphene (1.65g, 7.00mmol) and 
dry CH 2 C1 2 (3 0mL) . The crude product was purified by flash 
chromatography using hexane-ethyl acetate (1:1) containing 
1% triethylamine as eluent . The pure fractions were pooled 
together and evaporated to dryness to give 1 . 8g (58%) of 
35. The foam was dissolved in dry dichloromethane (lOmL) 
and added dropwise into a well stirred hexane (1500mL) 
under argon atmosphere. After the addition, stirring was 
continued for additional 1 hour and the precipitated solid 
was filtered, washed with hexane and dried over solid NaOH 
for 3 hours . The dried powder showed no traces of impurity 
in 31 P spectrum: X H NMR (Me 2 SO-d 6 ) 1.18 (m, 12 H, 
Isobutyryl CH 3 ) , 2.58 (m, 3 H, C 2 ,H and Isobutyryl CH) , 2.98 
(m, 1 H, C 2 .H), 3.34 (d, 2 H, CH 2 ) , 3.64 (m, 2 H, C 5 .CH 2 ) , 
3.72 (m, 8 H, 2 OCH 3 and CH 2 ) , 4.24 (m, 1 H, C 4 ,H), 4.82 (m, 
1 H, C 3 ,H) , 6.36 (t, 1 H, Ji., 2 , = 6.20 Hz, d-H) , 6.76 (m, 4 
H, ArH), 7.22 (m, 7 H, ArH) , 7.38 (m, 2 H, ArH) , 7.52 (m, 2 
H, ArH), 7.64 (m, 1 H, ArH), 7.98 (m, 2 H, ArH), 8.24 (s, 1 
H, C 8 H) , 9.34 (b s, 1 H, NH) . 



ISPH-0622 



-207- 



PATENT 



EXAMPLE 97: 3 ' , 5 ' -O- (Tetraisopropyldisiloxane- 1 , 3 -diyl) -N 2 - 
ethyl-9 - (2 ■ -deoxy- -D-eryfchro-pentof uranosyl) guanosine . 
(36) 

A solution of 3 5 ' -0- (tetraisopropyldisiloxane- 1, 
3 -diyl) -2-chloro-9- (2 ' -deoxy- -D- erythro-pentof uranosyl ) - 
inosine (5.0g, 9.45mmol) in 2 -methoxyethanol (30mL) was 
placed in a steel bomb and cooled to 0°C. Freshly condensed 
ethylamine (7.0mL) was quickly added. The steel bomb was 
sealed and the reaction mixture was stirred at 90°C for 16 
hours. The vessel was cooled and opened carefully. The 
precipitated white solid was filtered and crystallized from 
methanol. The filtrate on evaporation gave solid which was 
also crystallized from methanol. Total yield 3. g (65%). 
mp >250°C dec: X H NMR (Me 2 SO-d 6 ) 1.06 (m, 31 H) , 2.32 (m, 

1 H, C 2 ,H), 2.84 (m, 1 H, C 2 ,H) , 3.26 (m, 2 H, CH 2 ) , 4.12 (m, 

2 H, C 5 .CH 2 ) , 4.22 (m, 1 H, C 4 .H), 4.70 (m, 1 H, C 3 ,H) , 6.23 
(t, 1 H, Ji,, 2 , = 6.20 Hz, d.fl), 6.42 (m, 1 H, NH) , 7.87 (s, 
1 H, C 8 H) , 10.58 (b s, 1 H, Ntf) . Anal. Calcd for 
C 2 4H43N 5 0 5 Si 2 . C, 53.59; H, 8.06; N, 13.02. Found: C, 53.44; 
H, 8.24; N, 12.91. 

EXAMPLE 98:3',5'-0- (Tetraisopropyldisiloxane- 1 , 3 -diyl) -6-0- 
diphenyl -carbamoyl -N 2 - ethyl- 9- (2 » - deoxy- -D-erythro- 
pentof uranosyl) guanosine. (37) 

Compound 36 (2.40g / 4.46mmol) was dissolved in 
anhydrous pyridine (30mL) at room temperature. To this 
solution was added N, N-diisoproylethylamine (1.60mL, 
8.93mmol) followed by diphenyl carbamoyl chloride (2.07g, 
8.93mmol). The mixture was stirred at room temperature 
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under argon atmosphere for 10 hours. A dark red solution 
was obtained, which was evaporated to dryness. The residue 
was purified by flash chromatography on a silica column 
using CH 2 Cl 2 /EtoAc as eluent . The pure fractions were 
5 collected together and evaporated to give a brownish foam 
(3.25g, 99%). 1 H NMR (Me 2 SO-d 6 ) 1.14 (t, 31 H) , 2.52 (m, 
1 H, C 2 ,H), 3.04 (m, 1 H, C 2 .H) , 3.34 (m, 2 H, CH 2 ) , 3.87 (m, 
3 H, C 5 ,CH 2 & C 4 ,H), 4.83 (m, 1 H, C 3 .H), 6.23 (m, 1 H , C^H) , 
1.36 (m, 11 H, ArH & NH) , 8.17 (s, 1 H, C 8 H) . Anal. Calcd 
10 for C37H 52 N 6 0 6 Si 2 . C, 60.71; H, 7.16; N, 11.48. Found: C, 
60.33; H, 7.18; N, 11.21. 

EXAMPLE 99s 6-0-Diphenylcarbamoyl-N 2 -ethyl-9- (2 • -deoxy- -D- 
ejrytJFiz-o-pentofuranosyl) guanosine. (38) 

15 To a stirred solution of 37 (3.25g, 4.47mmol) in 

pyridine (25mL) was added 0 . 5 M solution of 
tetrabutylammonium fluoride (prepared in 

pyridine/THF/water, 4/1/1, 36mL, 17.88mmol) at once. The 
reaction was allowed to stir for 10 minutes and quenched 

20 with H + resin (amberlite IRC 50) to pH 7. The resin was 
filtered and washed with pyridine (20mL) and MeOH (20mL) . 
The filtrate was evaporated to dryness. The residue was 
purified using flash chromotography over a silica column 
using methylene chloride-acetone as eluent to give 1 . 84g 

25 (84%) of the pure product as foam. 1 H NMR (Me 2 SO-d s ) 1.14 
(t, 3 H, CH 2 CH 3 ) , 2.22 (m, 1 H, C 2 ,H), 2.76 (m, 1 H, C 2 ,ff), 
3.34 (m, 2 H, CH 2 ) , 3.57 (m, 2 H, C 5 .CH 2 ), 3.84 (m, 1 H, 
C 4 .H), 4.42 (m, 1 H, C 3 .ff) , 4.91 (t, 1 H, C 5 ,OH) , 5.32 (d, 1 
H, C 3 .OH) , 6.27 (t, 1 H, Ji, /2 , = 6.20 Hz C X .H) , 7.29 (m, 1 H, 
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NH) , 7.46 (m, 10 H, Arff) , 8.27 (s, 1 H, C 8 H) . Anal. Calcd 
for C 25 H 26 N 6 0 5 -3/4H 2 0. C, 59.61; H, 5.35; N, 16.68. Found: C, 
59.83; H, 5.48; N, 16.21. 

5 EXAMPLE 100: N 2 -Ethyl-9- (2 1 -deoxy- -D-erythro- 
pen to furanosyl) guano sine. (39) 

The intermediate of 38 (0.25g, 0.51mmol) was 
stirred in methanol ic/ammonia (saturated at 0°C) in a steel 
bomb at room temperature for 40 hours. The vessel was 

10 cooled to 0°C, opened carefully, and the solvent evaporated 
to dryness. The solid obtained was crystallized from 
methanol to give a white powder (0.95g, 63%) : mp 234-238°C. 
1 H NMR (Me 2 SO-d 6 ) 1.14 (t, 3 H, CH 2 CH 3 ) , 2.18 (m, 1 H, 
C 2 .H) , 2.67 (m, 1 H, C 2 .H) , 3.34 (m, 2 H, CH 2 ) , 3.52 (m, 2 H, 

15 C 5 .CH 2 ) , 3.82 (m, 1 H, C 4 -H) , 4.36 (m, 1 H, C 3 .H) , 4.89 (t, 1 
H, C5.OH) , 5.30 (d, 1 H, C3.OH) , 6.16 (t, 1 H, Ji, /2 . = 6.20 
Hz Ci-H) , 6.44 (m, 1 H, NH) , 7.91 (s, 1 H, C 8 H) , 10.58 (b s, 
1 H, NH) . 

20 EXAMPLE 101: 5 ' -O- (4 , 4 ' -Dimethoxytri tyl) - 6 -O- 

diphenylcarbamoyl-N 2 -ethyl- 9- (2 1 -deoxy- -D-erythro- 
pento furanosyl) guanosine . (40) 

Compound 3_8 (1.6g, 3.2 6mmol) was dried well by 
coevaporation with dry pyridine (3 x 5 0mL) . The dried 
25 material was dissolved in anhydrous pyridine (25mL) and 
allowed to stir under argon atmosphere. To this stirred 
solution was added triethylamine (0.59mL, 4.24mmol) 
followed by DMTCl (1.44g, 4.24mmol) . The reaction mixture 
was stirred at room temperature for 14 hours and quenched 
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with methanol (lOmL) . After stirring for 15 minutes, the 
solvent was removed and the residue was dissolved in 
methylene chloride (150mL) . The organic extract was washed 
with saturated NaHC0 3 solution (30mL) , water (30mL) , and 
brine (30mL) . The methylene chloride extract was dried and 
evaporated to dryness. The residue was purified by flash 
chromatography over silica gel using methylene 
chloride/acetone as eluent . The pure fractions were 
collected together and evaporated to give a foam (2.24g, 
87%). 2 H NMR (Me 2 SO-d 6 ) 1.10 (t, 3 H, CH 2 CH 3 ) , 2.32 (m, 1 
H, C 2 .H), 2.82 (m, 1 H, C 2 ,H) , 3.15 (m, 2 H, CH 2 ) , 3.34 (s, 6 
H, 2 0Cff 3 ) , 3.67 (m, 2 H, C 5 .CH 2 ) , 3.96 (m, 1 H, C 4 .H) , 4.42 
(m, 1 H, C 3 .H), 5.36 (d, 1 H, C 3 .0ff) , 6.30 (t, 1 H, Ji,, 2 . = 
6.20 Hz, Ci.H), 6.83 (m, 4 H, ArH) , 7.23 (m, 10 H, ArH & 
NH) , 8.17 (s, 1 H, C a H) . Anal Calcd for C 45 H 44 N 6 0 7 . 1/4 
CH3OH. 1/4 H 2 0. C, 68.50; H, 5.78; N, 10.60. Found: C, 
68.72; H, 5.42; N, 10.40. 

EXAMPLE 102 : 3 ' -O- [ (N, N-Diisopropylamino) ( - 
cyanoethoxy)phosphanyl] -5 ' -O- (4 # 4 ' -dimethoxytrityl) -6-O- 
diphenylcarbamoyl-N 2 -ethyl-9 - (2 1 -deoxy- -D-erythro- 
pentofuranosyl) guanosine. (41) 

The DMT derivative of 40 was dried well overnight 
at vacuum and dissolved in dry methylene chloride (25mL) . 
The solution was cooled to 0°C under argon atmosphere. To 
this cold stirring solution N, N-diisopropylamine 
tetrazolide salt (0.24g, 1.41mmol) followed by 
phosphorylating reagent (1.71mL, 5.66mmol) were added. The 
mixture was stirred at room temperature for 12hours under 
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argon. The solution was diluted with additional methylene 
chloride (lOOmL) and washed with saturated NaHC0 3 solution 
(50mL) , water (50mL) , and brine (50mL) . The organic 
extract was dried and evaporated to dryness. The crude 
product was purified by flash column over silica gel using 
methylene chloride/ethyl acetate containing 1% 
triethylamine as eluent . The pure fractions were pooled 
and evaporated to give 2.5g (91%) of 41. 

EXAMPLE 103: N 2 -3 " , 5 " -Tri -0-acetyl- 9 - ( 2 • -deoxy- -D-erythro- 
pento-furanosyl) guanosine. (42) 

Deoxyguanosine (26.10g, 96.77mmol) was 
coevaporated with dry pyridine /DMF (50mL each) three times. 
The residue was suspended in dry DMF (50mL) and dry 
pyridine (50mL) at room temperature. To this stirring 
mixture was added N, N-dimethylaminopyridine (1.18g, 
9.67mmol) followed by acetic anhydride (109. 6mL, 116mmol) 
slowly keeping the temperature below 3 5°C. After the 
addition of Ac 2 0, the reaction was placed at 80°C for 4 
hours under argon. It was cooled to room temperature and 
neutralized with IN NaC0 3 solution. The mixture was 
extracted in CH 2 C1 2 (2 x 250mL) . The organic extract was 
washed with water (50mL) and brine (50mL) , dried, and 
evaporated to dryness. The residue was crystallized from 
Me OH to give 29. lg (76%): mp 217-219°C. 2 H NMR (Me 2 SO-d 6 ) 
2.04 (s, 3 H, COCH 3 ) , 2.09 (s, 3 H, C0CH 3 ) , 2.19 (s, 3 H, 
C0CH 3 ) , 2.60 (m, 1 H, C 2 <H) , 3.02 (m, 1 H, C 2 .H) , 4.19 (m, 3 
H, C 4 .H & C 5 .CH 2 ) , 5.31 (m, 1 H, C 3 -H), 6.21 (t, 1 H, Ji., 2 , = 
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6.00 Hz, Ci-fl) , 8.27 (s, 1 H, C a H) , 11.72 (b S, 1 H, NH) , 
12 . 02 (b s, 1 H, NH) . 

EXAMPLE 104: 6 -O-Benzyl- 9 - (2 ' -deoxy- -V-erythro- 
5 pentof uranosyl) guanos ine . (43) 

N 2 , 3 ' , 5 ' -Tri-O-acetyldeoxyguanosine 4_2 (1.18g, 
3mmol) was suspended in dry dioxane (5 0mL) under argon 
atmosphere. To this stirred suspension was added dry 
benzyl alcohol (0.81g, 7.5mmol) followed by triphenyl 

10 phosphine (1.96g, 7.5mmol). After stirring for 15 minutes, 
diethylazodicarboxylate (1.3 0g, 7.5mmol) was added dropwise 
over a 15 minute period at room temperature. The reaction 
mixture was stirred under argon overnight at room 
temperature. The solvent was removed and the residue 

15 treated with 0 . 1M sodium methoxide (75mL) and stirred at 
room temperature overnight. Glacial acetic acid (0.4 5mL) 
was added, the solvents were evaporated and the residue was 
partitioned between water and ethyl acetate. The ethyl 
acetate extracts were dried, evaporated and the residue was 

20 chromatographed over silica gel using CH 2 Cl 2 -MeOH mixture. 
The product (0.5g, 75%) was obtained as an amorphous white 
solid after trituration with ether. X H NMR (Me 2 SO-d 6 ) 

2.22 (m, 1 H, C 2 <H) , 2.60 (m, 1 H, C 2 <H) , 3.56 (m, 2 
H,C 5 ,CK 2 ), 3.80 (m, 1 H, C 4 .H) , 4.37 (m, 1 H, C 3 ,H) , 5.01 (t, 

25 1 H, C 5 .OH) , 5.29 (b s, 1 H, C 3 .OH) , 5.52 (s, 2 H, ArCH 2 ) , 

6.23 (t, 1 H, Ji, f2 , = 6.66 Hz, C X ,H) , 6.52 (b s, 2 H, NH 2 ) , 
7.40 (m, 2 H, ArH) , 7.50 (m, 2 H, ArH) , 8.11 (s, 1 H, C 8 H) . 
Anal. Calcd for C 17 H 19 N 5 0 4 . C, 57.13; H, 5.36; N, 19.59. 
Found: C, 57.09; H, 5.42; N, 19.61. 



ISPH-0622 



-213- 



PATENT 



EXAMPLE 105: 6-0-Benzyl-2 - f luoro- 9 - (2 • -deoxy- -V-erythro- 
pentofuranosyl) purine. (44) 

To a stirred suspension of the substrate 43 (5.0g, 
14mmol) in dry pyridine (2 0ml) at -4 0°C was added 
HF/pyridine (Aldrich 18,422-5 70%) in two portions (2 x 
lOmL) under argon atmosphere. After the addition of 
HF/pyridine, the mixture was warmed up to -10°C, during that 
time all the solid had gone into solution. Tert-butyl 
nitrite (4 . OmL) was added slowly during the course of 10 
minutes maintaining the temperature between -2 0°C and -10°C. 
At intervals the reaction mixture was removed from the 
cooling bath and swirled vigorously to ensure thorough 
mixing. After complete conversion of the starting material 
(checked by TLC at 15 minute intervals) , the reaction 
mixture was poured onto a vigorously stirred ice cold 
alkaline solution (70g of K 2 C0 3 in 150mL of water) . The 
gummy suspension was extracted with methylene chloride (2 x 
200mL) . The organic extract was washed with brine (lOOraL) , 
dried and evaporated to dryness. The residue was purified 
by flash chromatography over silica gel using CH 2 C1 2 MeOH as 
eluent. The pure fractions were combined and evaporated to 
give 4.0g (79%) of 44 as foam. A small quantity was 
crystallized from methanol as orange crystals. mp : 165- 
167°C. 1 H NMR (Me 2 SO-d 6 ) 2.36 (m, 1 H, C 2 .H), 2.66 (m, 1 
H, C 2 ,H) , 3.60 (m, 2 H, C 5 .CH 2 ) , 3.87 (m, 1 H, C 4 ,H), 4.42 (m, 
1 H, C 3 .H), 4.95 (t, 1 H, C 5 -OH), 5.36 (d, 1 H, C 3 . OH) , 5.62 
(s, 2 H, ArCH 2 ), 6.34 (t, 1 H, Ji, #a , = 6.67 Hz, C X .H) , 6.46 
(m, 4 H, Arff), 8.61 (s, 1 H, c a H) . Anal. Calcd for 
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C 17 H 17 FN 4 0 4 . C, 56.66; H, 4.76/ N, 15.55. Found: C, 56.62; 
H, 4.69; N, 15.50. 

EXAMPLE 106: 5 ' -O- (4 , 4 ■ -Dimethoxytrityl) -2 - f luoro- 9 - (2 ' - 
deoxy- - D- erythro -pen t of uranosyl) inosine . (45) 

Compound 44 (5.00g, 13.89mmol) was dissolved in 
methanol (lOOmL) and placed in a parr bottle. To this 
solution Pd/C (5%, l.OOg) was added and hydrogenated at 45 
psi for 2 hours. The suspension was filtered, washed with 
methanol (5 0mL) and the combined filtrate evaporated to 
dryness. The residue was dissolved in dry pyridine (50mL) 
and evaporated to dryness. This was repeated three times 
and the resulting residue (weighed 4.00g) was dissolved in 
dry pyridine (lOOmL) under argon atmosphere. To this 
stirred solution was added triethylamine (1.52g, 15.0mmol) 
and 4,4 ' -dimethoxytrityl chloride (5.07g, 15.0mmol) at room 
temperature. The reaction mixture was allowed to stir at 
room temperature under argon atmosphere overnight . It was 
quenched with methanol (20mL) and evaporated to dryness. 
The residue was dissolved in methylene chloride (2 00ml) and 
washed with 5% NaHC0 3 solution (50mL) , water (50mL) , and 
brine (50mL) . The organic extract was dried, and 
evaporated to dryness. The residue was suspended in 
dichlorme thane and the insoluble solid filtered. The 
filtrate was purified by flash chromatography over silica 
gel using CH 2 C1 2 MeOH as the eluent . The pure fractions 
were collected and evaporated to give 7 . Og (88%) of the 
title compound. The insoluble solid was found to be the 
DMT derivative. mp> 220°C dec: X H NMR (Me 2 SO-d 6 ) 2.22 (m, 
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1 H, C 2 .H) , 2.70 (m, 1 H, C 2 .H) , 3.16 (m, 2 H, C 5 <CH 2 ) , 3.90 
(m, 1 H, C 4 .H), 4.38 (m, 1 H, C 3 .H), 5.32 (d, 1 H, C 3 .OH), 
6.16 (t, 1 H, J ± , t2 , = 6.20 Hz, Ci.fl) , 6.82 (m, 4 H, ArH) , 
7.25 (m, 9 H, ArH), 7.79 (s, 1 H, C 8 H) . 

EXAMPLE 107:3 • -O- [ (N, N-Diisopropylamino) ( - 
cyanoethoxy)phosphanyl] -5 • -O- (4,4 ■ -dimethoxytrityl) -2- 
f luoro-9- (2 • -deoxy- -D-eryfchjro-pentofuranosyl) inosine. 
(46) 

The title compound was prepared from 45 by 
following the procedure used for the preparation of 9. 
Starting materials used: 45 (7.0g, 12 . 24mmol) , N, N- 
diisopropylethylamine (5.2mL, 30.00mmol), ( -cyanoethoxy) 
chloro (N,N-diisopropylamino) phosphane (5.9g, 25.00mmol) and 
dry CH 2 C1 2 (lOOmL) . The crude product was purified by flash 
chromatography using dichloromethane/methanol (95:5) 
containing 1% triethylamine as eluent . The pure fractions 
were pooled together and evaporated to dryness to give 
7.00g (75.5%) of 46. The foam was dissolved in dry 
dichloromethane (3 0mL) and added dropwise into a well 
stirred hexane (2 500ml) under argon atmosphere. After the 
addition, stirring was continued for additional 1 hour and 
the precipitated solid was filtered, washed with hexane and 
dried over solid NaOH for 3 hours. The dried powder showed 
no traces of impurity in 31 P spectrum. 
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EXAMPLE 108: N- [N- (tert-butyloxycarbonyl) -3- 
aminopropyl] benzyl amine (47). 

A solution of N- (3-aminopropyl) benzylamine (38 g, 
231 . 71mmoles) in dry tetrahydrof uran (300mL) was cooled to 
5 C in an ice-alcohol bath. To this cold stirred solution 
2- [ [ (tert-butyoxycarbonyl) oxy] imino] -2 -phenylacetonitrile 
(BOC-ON) (56.58g, 230mmoles) in dry tetrahydrof uran (300mL) 
was added slowly during a 6 hour period. After the 
addition of BOC-ON, the reaction mixture was stirred at 
room temperature under argon for an additional 6 hours. 
The reaction mixture was evaporated to dryness and the 
residue was dissolved in ether (750mL) . The ether extract 
was washed with 5% sodium hydroxide solution (4 x lOOmL) , 
dried over anhydrous sodium sulfate, and concentrated to 
dryness. The residue was purified by flash column using a 
chromatography over a silica dichloromethane : methanol 
gradient. The pure fractions were pooled together and 
evaporated to give 49.5 g (81%) of product as oil: 2 H nmr 
(deuteriochloroform) : 1.42 (s, 9H, t-Boc) , 1.65 (m, 2H, 
CH 2 CH 2 CH 2 ) , 2.70 (t, 2H, CH 2 NHCH 2 ) , 3.20 (m, 2H, BocNHCH 2 ) , 
3.78 (s, 2H, ArCH 2 ) , 5.32 (br s, 1H, BocNH) , 7.30 (m, 5H, 
ArH) . 

EXAMPLE 109: 10 -Cyano- 9 - (phenylmethyl ) - 2 , 2 -dimethyl - 3 -oxa- 
4-OXO-5, 9-diazadecane (48). 

To a stirred solution of the compound 47 (24g, 
91mmoles) in dry acetonitrile (500 ml) was added 
potassium/celite (50g) and chloroacetonitrile (27. 3g, 
364mmoles) at room temperature. The reaction mixture was 
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placed in a preheated oil bath at 85°C and allowed to stir 
at that temperature under argon for 12 hours. The reaction 
mixture was cooled, filtered and washed with 
dichloromethane (lOOmL) . The combined filtrate was 
evaporated to dryness. The residue was dissolved in 
dichloromethane (lOOmL) and washed with 5% sodium 
bicarbonate solution (lOOmL) , water (lOOmL) and brine 
(lOOmL) . The organic extract was dried over anhydrous 
sodium sulfate and concentrated to give a solid. The solid 
was crystallized from dichloromethane/hexane to give 24g 
((87%) as colorless needles, mp 70-73°C; X H nmr 
(deuteriochloroform) : 1.44 (s, 9H, t-Boc) , 1.71 (m, 2H, 
CH 2 CH 2 CH 2 ) , 2.67 (t, 2H, J=6.4Hz, CH 2 NHCH 2 ) , 3.23 (m, 
2H,BocNHCH 2 ) , 3.46 (s, 2H, CH 2 CN) , 3.65 (s, 2H, ArCH 2 ) , 4.85 
(br s, 1H, BocNH) , 7.33 (s, 5H, ArH) . 

Anal. Calcd. for C 17 H 25 N 3 02 : C, 67.2 9; H, 8.31; N, 
13.85, Found: C, 67.34; H, 8.45; N, 13.85. 

EXAMPLE 110: 9 , 12 -Di (phenylmethyl) -2 , 2 -dimethyl-3 -oxa-4 - 
oxo - 5 , 9 , 12 - triaz adodecane (49). 

The nitrile compound of Example 48 (34g, 
112 . 21mmoles) was dissolved in ethanol (lOOmL) and placed 
in a parr hydrogenat ion bottle. Sodium hydroxide (7g) was 
dissolved in water (20mL) , mixed with ethanol (180mL) and 
added into the parr bottle. Ra/Ni (5g, wet) was added and 
snaked in a parr apparatus over hydrogen (45 psi) for 12 
hours. The catalyst was filtered, washed with 95% ethanol 
(lOOmL) . The combined filtrate was concentrated to lOOmL 
and cooled to 5°C in an ice bath mixture. The cold solution 
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was extracted with dichlorome thane (3 x 200mL) . The 
combined extract dried over anhydrous sodium sulfate and 
evaporated to give 32 g (92%) of an oil product. The 
product was used as such for the next reaction. 1 H nmr 
5 (deuteriochloroform) : 1.32 (br s, 2H, NH 2 ) , 1.42 (s, 9H, 
t-Boc) , 1.67 (m, 2H, CH 2 CH 2 CH 2 ) , 2.48 (m, 4H, CH 2 CH 2 NH 2 ) , 
2.75 (t, 2H, J=6.4Hz, CH 2 NHCH 2 ) , 3.15 (m, 2H, BocNHCH 2 ), 
3.55 (s, 2H, ArCH 2 ) , 5.48 (br s, 1H, BocNH) , 7.31 (m, 5H, 
ArH) . 

10 The above amine (33g, 107.5mmoles) in dry methanol 

(lOOmL) was mixed with anhydrous magnesium sulfate (3 0g) 
and allowed to stir at room temperature under argon 
atmosphere. To this stirred solution benzaldehyde (13. 2g, 
125mmoles) was added and the stirring was continued for 4 

15 hours under argon. The reaction mixture was diluted with 
methanol (150mL) and cooled to -5°C in an ice salt bath. 
Solid sodium borohydride (30g) was added in 1 g lots at a 
time during 2 hour periods, keeping the reaction 
temperature below 0°C. After the addition of sodium 

2 0 borohydride, the reaction mixture was allowed to stir at 
room temperature overnight and filtered over celite. The 
filtrate was evaporated to dryness. The residue was 
partitioned between water (350mL) /ether (500mL) and 
extracted in ether. The ether extract was dried over 

25 anhydrous sodium sulfate and evaporated to dryness. The 
residue was purified on a silica gel column using 
dichloromethane : methanol as eluent . The pure fractions 
were pooled together and evaporated to give 35 g (82%) as 
oil; 1 H nmr (deuteriochloroform): 1.42 (s, 9H, t-Boc) , 
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1.65 (m, 2H, CH 2 CH 2 CH 2 ), 1.75 (br s, 1H, ArCH 2 NH) , 2.55 (m, 
4H,CH 2 CH 2 , 2.70 (t, 2H, J=6.4Hz, CH 2 NHCH 2 ) , 3.15 (m, 2H, 
BocNHCH 2 ) , 3.52 (s, 2H, ArCH 2 ) , 3.72 (s, 2H, ArCH 2 ) , 5.55 
(br s, 1H, BocNH) , 7.28 (m, 10H, ArH) . 

Anal. Calcd. for C 24 H35N 3 0 2 : C, 72.51; H, 8.87; N, 
10.57. Found: C, 72.39; H, 8.77; H, 10.72. 

EXAMPLE 111: 13 -cyano- 9 , 12 -di (phenylmethyl) - 2 , 2 -dimethyl - 3 - 
oxa-4-oxo-5, 9, 12 - triazatridecane (50) . 

The title compound was prepared from compound 4 9 
by following the procedure used for the preparation of the 
compound of Example 48. Materials used: Substrate 49 
(4.55g, 11 .46mmoles) ; chloro acetonitrile (2.6g, 
34 . 38mmoles) ; potassium f luoride/celite (9.0g) and dry 
acetonitrile (lOOmL) . The crude product was purified by 
flash chromatography over silica gel using 

di chlorome thane : acetone as the eluent to give 4 . 8g (96%); 1 H 
nmr (deuteriochlorof orm) : 1.42 (s, 9H, t-Boc) , 1.68 (m, 
2H, CH 2 CH 2 CH 2 ) , 2.52 (m, 4H, CH 2 CH 2 ) , 2.68 (t, 2H, J=6.2Hz, 
CH 2 NHCH 2 ) , 3.22 (m, 2H, BocNHCH 2 ) , 3.36 (s, 2H, CNCH 2 ) , 3.50 
(s, 2H, ArCH 2 ) , 3.62 (s, 2H, ArCH 2 ) , 5.72 (br s, 1H, BocNH), 
7 . 32 (m, 10H, ArH) . 

Anal. Calcd. for C 26 H3sH 4 0 2 : C, 71.52; H, 8.31; H , 
12.83. Found: C, 71.17; H, 8.14; N, 12.82. 

EXAMPLE 112: 9 , 12 , 15 -Tri (phenylmethyl) 2 , 2 -dimethyl - 3 -oxa-4 - 
oxo-5,9,12,15-tetraazapentadecane (51) . 

The title compound was prepared from compound 50 
by following a two step procedure used in Example 49. 
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Materials used in the first step: The substrate 50 (25g, 
57.34mmoles) ; Ra/Ni (5g) ; sodium hydroxide in ethanol 
(200mL, 7g of sodium hydroxide was dissolved in 20mL of 
water and mixed with ethanol) and ethanol used to dissolve 
the substrate (lOOmL) . The crude product was extracted in 
dichloromethane which on evaporation gave 22 g (87%) of an 
oily product; 1 H nmr (deuteriochlorof orm) : 1.40 (s, 9H, t- 
Boc) , 1.50 (m, 4H, CH 2 CH 2 CH 2 & NH 2 ) , 2.48 (m, 8H, 2 CH 2 CH 2 ) , 
2.66 (t, 2H, J=6.2Hz, CH 2 NHCH 2 ) , 3.24 (m, 2H, BocNHCH 2 ) , 
3.50 (s, 2H, ArCH 2 ) , 3.56 (s, 2H, ArCH 2 ) , 5 ; .48 (br s, 1H, 
BocNH) , 7.28 (m, 10H, ArH) . 

Materials used in the second step: Above amine 
(24. 4g, 55 . 33mmoles) ; benzaldehyde (6.36g, 60 . OOmmoles) ; 
magnesium sulfate (20.0 g) and dry methanol (200mL) . The 
crude product was purified by flash chromatography over 
silica gel using dichloromethane : methanol as the eluent to 
give 20. Og (68%) of compound 51 as oil; 1 H nmr 
(deuteriochloroform) : 1.40 (s, 9H, t-Boc) , 1.52 (m, 2H, 
CH 2 CH 2 CH 2 ) , 1.84 (br s, 1H, ArCH 2 NH) , 2.38 (t, 2H, J=6.2Hz, 
CH 2 NHCH 2 ) , 2.54 (m, 8H 2 CH 2 CH 2 ) f 3.08 (m, 2H, BocNHCH 2 ) , 
3.42 (s, 2H, ArCH 2 ) , 3.50 (s, 2H, ArCH 2 ) , 3.65 (s, 2H, 
ArCH 2 ), 3.65 (s, 2H, ArCH 2 ) , 5.45 (br s, 1H, BocNH), 7.28 
(m, 15H, ArH) . 

Anal. Calcd. for C 3 3H 4S N 4 0 2 : C, 74.67; H, 8.74; N, 
10.56. Found: C, 74.92; H, 8.39; N, 10.71. 
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EXAMPLE 113: 16 -Cyano- 9 , 12 , 15 - tri (phenylmethyl) - 2 , 2 - 
dimethyl-3-oxa-oxo-5,9,12,15-tetraazahexadecane (52) . 

The title compound was prepared from compound 51 
by following the procedure used in Example 48. Materials 
used: Substrate (Example 51 compound 51, 8.3 0g, 
15 . 66mmoles) ; chloro acetonitrile (3.52g, 46 . 98mmoles) ; 
potassium f luoride/celite (10. Og and dry acetonitrile 

(150mL) . The crude product was purified by flash 
chromatography over silica gel using dichloromethane : ethyl 
acetate as the eluent to give 7.6 g (85%) ; 1 H nmr 

(deuteriochloroform) : 1.42 (s, 9H, t-Boc) , 1.60 (m,2H, 
CH 2 CH 2 CH 2 ) , 2.42 (t, 2H, J=6.2Hz, CH 2 NHCH 2 ) , 2.60 (m, 8H, 
2CH 2 CH 2 ) , 3.14 (m, 2H, BocNHCH 2 ) , 3.38 (s, 2H, CNCH 2 ) , 3.48 

(s, 2H, ArCH 2 ) , 3.54 (s, 2H, ArCH 2 ) , 3.60 (s, 2H, ArCH 2 ) , 
5.42 (br s, 1H, BocNH) , 7.26 (m, 15H, ArH) . 

Anal. Calcd. for C 3 5H47N 5 0 2 : C, 73,77; H, 8.32; N, 
12.29. Found: C, 73.69; H, 8.19; N, 12.31. 

EXAMPLE 114: 9 , 12 , 15 , 18 -Tetra (phenylmethyl) -2 , 2 -dimethyl -3 - 
oxa-4-oxo-5, 9, 12, 15, 18-petaazaoctadecane (53) . 

The title compound was prepared from compound 52 
by following a two step procedure used for the preparation 
of the Example 49 compound 49. Materials used in the first 
step: The substrate (compound 52, 7g, 12 . 3 Ommoles) ; Ra/Ni 
(2g) ; sodium hydroxide in ethanol (160mL, 3 . 5g of sodium 
hydroxide was dissolved in 10mL of water and mixed with 
ethanol) and ethanol used to dissolve the substrate (100 
ml) . The crude product was extracted in dichloromethane 
which on evaporation gave 5.6 g (79%) as oil; X H nmr 
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(deuteriochloroform) : 1.40 (s, 9H, t-Boc), 1.50 (m, 4H, 
CH 2 CH 2 CH 2 & NH 2 ) , 2.48 (m, 12H, 3 CH 2 CH 2 ), 2.66 (m, 
2H,CH 2 NHCH 2 ) , 3.24 (m, 2H, BocNHCH 2 ) , 3.50 (s, 2H, ArCH 2 ) , 
3.56 (s, 4H, 2 ArCH 2 ) , 3.62 (s, 2H, ArCH 2 ) , 5.48 (br s, 1H, 
5 BocNH) , 7.28 (m, 15H, ArH) . 

Material used in the second step: above amine 
(21. 2g, 36 . 74mmoles) ; benzaldehyde (4.24g, 4 0 . 0 Ommoles) ; 
magnesium sulfate (10. Og), dry methanol (200mL) and sodium 
borohydride (4.85g ; 12 8 . 45mmoles ) . The crude product was 
10 purified by flash chromatography over silica gel using 
dichloromethane : methanol as the eluent to give 18.67 g 
(77%) of compound 53_ as oil; nmr (deuteriochloroform) : 
1.40 (s, 9H, t-Boc) , 1.52 (m, 2H, CH 2 CH 2 CH 2 ) , 2.05 (br s, 
1H, ArCH 2 NH) , 2.38 (t, 2H, J=6.0Hz, CH 2 NHCH 2 ) , 2.54 (m, 12H, 
15 2 CH 2 CH 2 ) , 3.08 (m, 2H, BocNHCH 2 ) , 3.4 0 (s, 2H, ArCH 2 ) , 3.50 
(s, 4H, 2 ArCH 2 ) , 3.64 (s, 2H, ArCH 2 ) , 5.55 (br s, 1H, 
BocNH), 7.28 (m, 20H, ArH). 

Anal. Calcd. for C 4 2H 5 7N 5 0 2 : C, 75.98; H, 8.65; N, 
10.55. Found: C, 75.72; H, 8.67; N, 10.39. 

20 

EXAMPLE 115: 13 -amino- 1 , 4 , 7 , 10 - tetra (phenylmethyl) - 
1,4,7,10- tetraazatridecane (54). 

To a stirred solution of compound 53_ (2.65g, 
4mmoles) in dichloromethane (lOmL) was added 
25 trif luoroacetic acid (lOmL) at room temperature. The 

reaction mixture was allowed to stir at room temperature 
for 30 minutes and evaporated to dryness. The residue was 
dissolved in dichloromethane (lOOmL) and washed with 5% 
sodium bicarbonate solution (150mL) to pH 8, and brine 
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(5 0mL) . The organic extract was dried over anhydrous 
sodium sulfate and concentrated to dryness. The oily 
residue that obtained was used as such for the next 
reaction. 1 H nmr (deuteriochlorof orm) : 1.50 (m, 5H, 
5 CH 2 CH 2 CH 2 , NH 2 , & ArCH 2 NH) , 2.38 (t, 2H, J=6.4Hz, CH 2 NHCH 2 ) , 
2.54 (m, 14H, 7 CH 2 ) , 3.52 (s, 2H, ArCH 2 ) , 3.56 (s, 4H, 2 
ArCH 2 ) . 3.62 (s, 2H, ArCH 2 ) , 7.28 (m, 20H, ArH) . 

EXAMPLE 116: 3 1 , 5 1 -O- (Tetraisopropyldisiloxane- 1 3-diyl)-N- 
10 [4,7,10,13-tetrakis- (phenylmethyl) -4,7,10,13- 
tetraazatridec-l-yl] -2 • -deoxyquanosine (56) . 

A mixture of 2 -chloroinosine (55 in reaction 
scheme 3, 2.12g, 4mmoles) and compound 54 (2.5g, 4.4mmoles) 
in 2-methoxyethanol (50mL) was heated at 80°C for 12 hours. 

15 The reaction mixture was evaporated to dryness and the 
residue on flash chromatography over silica gel using 
dichloromethane and methanol (9:1) gave 2 . 55 g (60%) of the 
title compound as foam. 1 H nmr (deuteriochlorof orm) : 1.00 
(m, 24H, 4 Isobutyl-H) , 1.62 (m, 1H, C 2 .H), 1.80 (m, 4H, 

20 CH 2 CH 2 CH 2 , C 2 -H, & ArCH 2 NH) , 2.52 (m, 14H, 7 CH 2 ) , 3.20 (s, 
2H, ArCH 2 ) , 3.32 (s, 2H, ArCH 2 ) , 3.42 (s, 2H, ArCH 2 ) , 3.48 
(S, 4H # ArCH 2 & CH 2 ) , 3.78 (m, 1H, C 4 -H) , 4.05 (m, 2H, 
C 5 .CH 2 ) , 4.72 (m, 1H, C 3 .H), 6.22 (m, 1H, Ci-H) , 6.94 (m. 1H, 
N 2 H) , 7.26 (m, 20H, ArH), 7.72 (s, 1H, C 8 H) , 10.52 (br s, 

25 1H, NH) . 

Anal. Calcd. for C 5 9H 85 N 9 0 5 Si 2 : C, 67.07; H, 8.11; N, 
11.93. Found: C, 67.22; H, 8.24; N, 11.81. 
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EXAMPLE 117: 3 ■ , 5 ■ -O- (Tetraisopropyldisiloxane- 1, 3 -diyl) - 6 - 
0- (phenylmethyl) -N- [15 -methyl- 14-oxo-4 , 7 , 10 , 13 - tetrakis 
(phenylmethyl) -4, 7, 10, 13-tetraazahexadec-l-yl] -2 ■ - 
deoxyguanosine (57) . 

The compound of Example 55 (2.00g, 1.89mmoles) was 
coevaporated with dry pyridine (30mL) two times. The 
resulting residue was dissolved in dry pyridine (50mL) and 
cooled to 0°C in an ice bath mixture. To this cold stirred 
solution was added triethylamine (0.61g, 6mmoles) followed 
by isobutyryl chloride (0.64g, 6mmoles) slowly under argon 
atmosphere. After the addition of isobutyryl chloride, the 
reaction mixture was stirred at room temperature for 12 
hours and evaporated to dryness. The residue was dissolved 
in dichloromethane (150mL) , washed with 5% sodium 
bicarbonate (50mL) , water (50mL) and brine (50mL) . The 
organic extract was dried over anhydrous sodium sulfate and 
evaporated to dryness. The residue on purification over 
silica gel using dichloromethane/methanol (95:5) gave 1.88g 
(88%) of the title compound as a foam. 

The above foam (1.8g, 1.61mmoles) was dried over 
phosphorous pentaoxide under vacuum for 12 hours. The 
dried residue was dissolved in dry dioxane (50mL) and 
treated with triphenyl phosphine (0.83g, 3.2mmoles), benzyl 
alcohol (0.35g, 3.2mmoles), and diethylazodicarboxylate 
(0.54g, 3.2mmoles) at room temperature under argon 
atmosphere. The reaction mixture after stirring for 10 
hours evaporated to dryness. The residue was dissolved in 
dichloromethane (150mL) and washed with 5% sodium 
bicarbonate (50mL) , water (50mL) and brine (50mL) . The 
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organic extract was dried over anhydrous sodium sulfate and 
evaporated to dryness. The residue was flash 
chromatographed over silica gel using 

dichloromethane/acetone (7:3) as the eluent . The pure 
5 fractions were collected together and evaporated to give 
1.7 g (74%) of foam: X H nmr (deuteriochlorof orm) : 1.04 
(m, 30H, 5 Isobutyl-CH 3 ) , 1.68 (m, 2H f CH 2 CH 2 CH 2 ) , 2.55 (m, 
16H, 7 CH 2 , C 2 ,H, & isobutyl-CH) , 3.08 (m, 1H, C 2 .H), 3.36 
(m, 2H, CH 2 ) , 3.52 (m, 8H, 4 ArCH 2 ) , 3.84 (m, 1H, C 4 .H), 4.00 
10 (m, 2H, C 5 ,CH 2 ), 4.72 (m, 1H, C 3 -H) , 5.50 (s, 2H, ArCH 2 ) , 

6.18 (m, 1H, C X .H) , 7.04 (m, 1H, N 2 H) , 7.26 (m, 25H, ArH) , 
7 . 76 (s, 1H, C 8 H) . 

Anal. Calcd. for C 7 oH 97 N 9 OsSi2 : C, 69.09; H, 8.04; N, 
10.36. Found: C, 69.12; H, 8.23; N, 10.19. 

15 

EXAMPLE 118: 6 -O- (Phenylmethyl) -N- [15 -methyl - 14 -oxo- 
4,7,10,13- tetrakis (phenylmethyl ) -4 , 7 , 10 , 13 - tetraazahexadec- 
1-yl] -2 1 -deoxyguanosine (58) . 

To a stirred solution of compound 5_7 (5.0g, 
20 4.11mmoles) in pyridine (50mL) was added freshly prepared 

IN solution of tetrabutylammonium fluoride (20mL, 20mmoles; 
prepared in a mixture of pyridine : tetrahydrof uran : water in 
the ratio of 5:4:1) at room temperature. The reaction 
mixture was allowed to stir for 30 minutes and quenched 
2 5 with H + resin (pyridinium form) to pH 6-7. The resin was 
filtered, washed with methanol (50mL) , and the combined 
filtrate evaporated to dryness. The residue was dissolved 
in dichloromethane (200mL) , washed with water (50mL) , and 
brine (5 0mL) . The organic extract was dried over sodium 
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sulfate and concentrated to dryness. The foam that 
obtained was purified by flash chromatography over silica 
gel column using dichloromethane/methanol (95:5) as the 
eluent . The required fractions were collected together and 
5. evaporated to give 3 . 5g (87%) of the titled compound as 
foam. 1 H nmr (deuteriochlorof orm) : 1.04 (m, 30H, 5 

isobutyryl CH 3 ) , 1.68 (m, 2H, CH 2 CH 2 CH 2 ) , 2.55 (m, 16H, 7 
CH 2 , C 2 .H, Sc isobutyryl CH) , 3.08 (m, 1H, C 2 ,H), 3.36 (m, 2H, 
CH 2 ) , 3.52 (m, 8H, 4 ArCH 2 ) , 3.84 (m, 1H, C 4 -H) , 4.00 (m, 2H, 
10 C 5 .CH 2 ) , 4.72 (m, 1H, C 3 .H) , 5.50 (s, 2H, ArCH 2 ) , 6.18 (m, 
1H, Ci-H) , 7.04 (m, 1H, N 2 H) , 7.26 (m, 25H, ArH) , 7.76 (s, 
1H, C 8 H) . 

Anal. Calcd. for CyoHgyNgOgSia : C, 69.09; H, 8.04; N, 
10.36. Found: C, 69.12; H, 8.23; N, 10.19. 



15 



